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Abstract

THE DEVELOPMET OF NOVEL INHIBITORS OF THE NLRP3 INFLAMMASOME

By Jacob Wesley Fulp, B.S.

A dissertation submitted in partial fulfilment of the requirements for the degree of doctor

of philosophy at Virginia Commonwealth University.

Virginia Commonwealth University, 2014

Advisors:
Shijun Zhang, Ph.D.
Associate Professor, Department of Medicinal Chemistry

Inflammasomes are intracellular multimeric protein complexes that regulate
inflammation by controlling the maturation of cytokines, Interleukin-1B (IL-18) and
Interleukin-18 (IL-18). Additionally, activation of these inflammasome complexes has
been implicated in an inflammatory form of cell death known as pyroptosis. Of the known
inflammasomes, the NOD-like receptor family pyrin domain containing 3 (NLPP3)
inflammasome, is the most elucidated. Under physiological conditions, NLRP3-mediated
inflammation promotes healing and the elimination of cellular debris and pathogens.
However, the dysregulation of IL-1B, IL-18 and pyroptosis are instrumental in the
development of multiple pathologies. Furthermore, studies suggest that the NLRP3
inflammasome mediates detrimental neuroinflammation and contributes significantly to

the development of several neurodegenerative diseases, including Alzheimer’s disease
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(AD), multiple sclerosis (MS), Parkinson's disease (PD), and amyotrophic lateral sclerosis
(ALS). Although the NLRP3 inflammasome has been implicated in these
neurodegenerative illnesses, its exact role in the progression remains elusive. Novel
NLRP3 inflammasome inhibitors (NLRP3Is) are needed as pharmacological tools to
complement ongoing molecular and genetic studies to aid in defining the roles of NLRP3.

Development of such inhibitors also has significant translational potential.

The anti-diabetic drug, glyburide, has been shown to inhibit the NLRP3
inflammasome. However, further development of glyburide as an NLRP3I is limited
because of lethal hypoglycemia at the dose needed for the anti-inflammatory effects. Its
cyclohexylurea moiety is critical for the release of insulin but is not needed for the
inhibition of the NLRP3 inflammasome. Our studies demonstrated that replacement of
glyburide’s cyclohexylurea moiety with a sulfonamide led to the development of JC121,
a novel NLRP3 inhibitor without effects on blood glucose levels. Based on its structure,
we further developed a methylated analog, JC124, to balance the hydrophilicity and
hydrophobicity. Our initial studies established that JC124 is an active and selective
NLRP3I. Importantly, we demonstrated the in vivo activity of this compound in a
transgenic AD mouse-model and an acute myocardial infarction model. Based on these
promising results, we decided to conduct a structure activity relationship (SAR) study of

JC124 to understand the chemical space of this lead structure for further optimization.

Structural modifications of JC124 was focused on the phenyl ring, the linker, the
amide, and the sulfonamide domains. SAR explorations at the phenyl domain established
that the 5-chloro- and 2-methoxy substituents are critical for the observed biological

activities. Constraining structural rotation around the amide moiety is well-tolerated, and
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this led to a new chemical scaffold for further development. Exploration of the linker
domain demonstrated that structural extension slightly improves the inhibitory potency on
IL-18 release. Our studies on the sulfonamide domain suggested that structural
modifications at this position are well tolerated, and the addition of bulky substituents at
this position significantly improved inhibitory potency. Two new lead compounds, 54 and
64 (ICs5o of 0.42 + 0.08 and 0.55 £ 0.09 uM, respectively), were identified for further

characterization.

Biological characterization in mouse bone marrow derived macrophage (BMDM)
cells established an ICsp of 0.12 £ 0.07 and 0.36 £+ 0.04 uM for 54 and 64, respectively.
Our studies also demonstrated the selective inhibition of NLRP3 inflammasome by these
two lead compounds as no significant inhibition on IL-13 release was observed upon
activation of AIM2 or the NLRC4 inflammasome. Finally, our studies in mice challenged
with intraperitoneal injection of LPS, a model in which the production of IL-1p is NLRP3
dependent, demonstrated a significant reduction of serum levels of IL-13 under
pretreatment of 54 or 64, thus indicating target engagement in vivo. Collectively, these
results strongly indicated that both 54 and 64 are potent and selective NLRP3ls both in

vivo and in vitro and strongly encourage further development.
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Chapter 1: Introduction
1.1 Innate Immunity, Pattern-Recognition Receptors, and the Inflammaosme

The innate immune system is our first line of defense against infection, and is
critical in the initial recognition of pathogens." Early in the detection of these microbes,
innate immunity enacts proinflammatory pathways.? Until lately, little was known about
how inflammation was selectively enacted, or how the dysregulation of these events was
implicated in disease. The recent discovery of PRRs (pattern-recognition receptors)
indicates that the body’s pro-inflammation pathways are tightly regulated and are more

highly specific than previously thought.?”

PRRs are germline-encoded sensors expressed by the sentinel cells of our immune
system, which include macrophages, monocytes, dendritic cells, neutrophils, epithelial
cells, and cells of adaptive immunity."? PRRs detect evolutionarily-conserved microbial
structures, pathogen-associated molecular patterns (PAMPs). PAMPs are common to
the entire class of pathogens, critical to their survival, and can be easily distinguished
from endogenous structures. Additionally, a select group of PRRs can recognize motifs
indicative of tissue damage and cellular stress, known as damage-associated molecular
patterns (DAMPs).>”" Upon the detection of PAMPs or DAMPs, PRRs activate a variety
of signal transduction pathways, which in turn stimulates a rapid pro-inflammatory
response. The signal transduction pathways activated will vary among the different
classes of PPRs, allowing for a wide range of molecules to be recognized and a variety

of biological responses to be enacted.”?
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There are four known classes of PRRs to date: the toll-like receptors (TLRs), the RIG-
I-like receptors (RLRs), the C-type lectin receptors (CLRs), and the nucleotide-binding
domain leucine-rich repeats (NLRs)." The NLRs are unique compared to the other PPRs
in that they are non-membrane bound cytosolic proteins that survey the intracellular
environment and respond to a myriad of stimuli, including motifs indicative of cellular
stress and damage, intracellular debris, and pathogens.®™® The NLR family plays an
important role in the recognition of and response to different PAMPs and DAMPs, with
activation triggering pathways that converge in the transcription of cytokines or

chemokines, ultimately leading to inflammation.?'%'2

1.2 The NLR Family

Presently, 22 members of the human NLR family have been identified." Members

of this family display a three domain architecture: a C-terminal leucine-rich repeat (LRRs)

The human NLR family Domains: domain, a central nucleotide-
1x NLRA - HHHH- § LRR (leucine-rich repeat) domain blndlng domain (NBD)’ and an
1x NLRB soo00s-amm-4iH- ' NBD (nucleotide-binding domain) N-terminal  effector domain

AD (Acidic activation domain)

. 14,15 .
5XNLRC  -am-amm - (Figure 1). LRR domains

BIR (baculovirus inhibitor of apoptosis)
domain

are structurally diverse, with the

14 x NLRP - i . CARD (caspase recruitment domain)
Pyrin domain exception of a common
1 x NLRX B s unrelated domain

framework of 20-30 amino

Figure 1. The NLRP3 Family. Twenty-two members of the ) .

NLR family have been identified. Each individual NLR acids. Evidence suggests the
family member has a three domain architecture. All NLRs

have an LRRs domain, characterized by a homologous importance of this domain in
framework of 20-30 amino acids, and an NBD, key in

receptor activation. Five distinct NLR subfamilies arise by regulating protein—protein
grouping each member due to differences in their N-terminal

effector domain. interactions, such as ligand
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binding. However, not all NLRs, such as NLRP1 and NLRP3, utilize the LRR domains to
directly bind to their respective ligands, and a clear model of receptor-ligand interaction
has not been fully elucidated. In addition to the LRR motifs, all NLRs possess a central
NBD domain."'®' The NBD domain contains structural homology with apoptotic
protease-activating factor 1 (APAF1), and is key to receptor activation.”” Unlike the NBD
and LRR domains, the NLRs vary in their N-terminal effector domains, resulting in five

distinct NLR subfamilies: NLRA, NLRB, NLRC, NLRP and NLRX (Figure 1)."*

A subgroup of NLRs recognize PAMPs and DAMPS and assemble into caspase-
1-activating platforms termed inflammasomes. NLRP1,'®"® NLRP3, and NLRC4%*** have
been shown to form this structure. However, there is evidence that other NLRs such as

NLRP6,27?° NLRP7,%°?" and NLRP12?® can also form this complex. Recently, another

(__)CARD
@3 FIND
SRR
[ INACHT
(D)
@ BIR
9 HIN200

AlM2 § dsDNA

ASC ASC caspase-1 ASC ASC

T3SS needle
T3SS rod

flagellin

caspase-5

NAIP1
NAIP2

MDP mtDNA
NLRP1 Lethal toxin NLRP3 cardiolipin -~ NLRC4

Toxoplasma

NAIP5/6

caspase-1 caspase-1 caspase-1

Figure 2. Schematic representation of the NLRP1, NLRP3, NLRC4, and AIM2 inflammasomes.
Each inflammasome, is composed of a unique PPR, ASC, and caspase-1. Each PPR is
structurally different, and the inflammasomes can be broadly grouped as being ASC-dependent
or independent. ASC-dependent inflammasomes include, NLRP1, NLRP3, and AIM2. These
PRRs contain a PYD domain and lack the ability to directly bind to caspase-1. NLRC4 is an ASC-
independent inflammasome. NLRC4 contains a N-terminal CARD domain and can directly bind
to and activate caspase-1.
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protein, absent in melanoma 2 (AIM2),27*" has been shown to form the inflammasome

structure as well.
1.3 The Inflammasomes

The term inflammasome stems from an amalgamation of “inflammation” and the
Greek suffix “soma”, meaning body.>? This term was first coined by Tschopp et al. in 2002

and describes a group of intracellular and oligomeric proteins that regulate innate-

immunity by stimulating the

production of the cytokines,
Interleukin-18 (IL-1B) and 1L-18.%
The inflammasomes of NLRP1,
NLRP3, NLRC4, and AIM2 are
similarly-structured by
oligomerization of a cytosolic PRR,
an adaptor protein ASC (Apoptosis
Speck-like Protein containing a
caspase recruitment domain), and
an effector protein caspase-1
(Figure 2)."" The nomenclature
of individual inflammasomes arises
from the unique PRR that each
complex possesses.*® In essence,
these proteins are scaffolds for the

activation of caspase-1, and can be

1. NLRPYP or ALRPYP hucleates ASCFYP filaments

the SC

2. ASCCARD clusters to mucleate Caspase-1 filaments
3. Caspase-1 auto-proteolizes to release active dimers

Figure 3. Formation of ASC filaments. In this
schematic representation, receptor activation induces
a conformational change allowing for the self-
oligermerization of individual PRRs, as seen in 1.
Following PRR assembly, the receptor complex
nucleates the formation of ACS filaments via PYD-PYD
interaction, see 2. ASC’'s CARD domain is exposed on
the surface of these filaments, and serves to nucleate
caspase-1 via homotypic CARD-CARD interactions,
see 2. Formation of this oligomeric structure stimulates
the proteolytic cleavage of pro-caspase-1, a 45 kDa
zymogen, into active fragments, see step 3. These
dimers form tetramers of two subunits, p10 (10kDa)
and p20 (20 kDa). This cysteine protease functions to
cleave the 33 kDa pro-interleukin-13 (pro-IL-1B) into
active IL-1B
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broadly classified into two groups: ASC-dependent and ASC-independent.”” The NLRP1,
NLRP3, and AIM2 have an N-terminal pyrin domain (PYD) and cannot directly recruit and
activate pro-caspase-1 (Figure 2). Instead, they rely on the adapter protein ASC, which
is composed of a PYD domain and a caspase-recruitment domain ( CARD), to recruit pro-
caspase-1 to form the protein complex." A general model for ASC-dependent
inflammasome formation has been proposed (Figure 3). In this model, PRR activation
induces a conformational change and exposes an oligomerization domain, leading to
self-oligomerization to form a wheel-like structure consisting of 10-12 spokes. Following
PRR assembly, the receptor complex binds to ASC via interactions through the PYD
domain. These events culminate in the oligomerization of ASC into ordered filaments."’
Multiple filaments will then self-associate to form a complex, known as the ASC speck.
Speck formation is observed regardless of which receptor is activated (Figure 4).%°°
Upon speck formation, ASC’s CARD domain is exposed to the surface of these filaments,
and serves to recruit pro-caspase-1 via homotypic CARD-CARD interactions (Figure 3
and 4).7%3%3 0On the other hand, ASC-independent NOD-like receptors, e.g. NLRC4
that contain an N-terminal CARD domain, could directly recruit and activate caspase-1.
However, ASC-deficient cells display significantly reduced levels of IL-13, implying that

ASC filaments function as a signal amplification mechanism by providing multiple

caspase-1 activation sites."

The formation of inflammasome then stimulates the proteolytic cleavage of pro-
caspase-1, a 45 kDa zymogen, into its active form.*° Active caspase-1 is a cysteine
protease organized as a tetramer of two subunits, p10 (10 KDa) and p20 (20 KDa) and

functions to cleave the 33 KDa pro-interleukin-1B (pro-IL-1B) between the amino acid
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residues Asp116 and Ala117 and release the active

ASC speck carboxyl-terminal active fragment IL-18.°* IL-1B is a
powerful pyrogen and can trigger multiple responses
associated with inflammation.** The most studied

inflammasome is the NLRP3 inflammasome, which has

been implicated in multiple diseases.

1.4 NLRP3 Inflammasome

NLRP3 is a cytosolic PRR that detects molecular

Caspase 1

i tamen: | danger signals” associated with pathogenic invasion, as

well as endogenous host molecules correlated with

cellular damage. In response to these “danger signals”,

Figure 4. Formation of the ASC individual NLRP3 monomers will oligomerize into a

speck. Following the formation
of ACS filaments outlined in
figure 3, multiple filaments will
oligomerize to form a complex
known as the ASC speck. The
CARD domain is exposed on the
Zﬁ:v?/(s:efo(:ihtgGr):ruﬂilt?nrgi?tjf s:]o(f component to the activation of this inflammasome.’*#°™*’

caspase-1.

proinflammatory complex in association with ASC and
pro-caspase-1 known as the NLRP3 inflammasome..

Recently, NEK7 has been identified as an essential

Among the inflammasomes, the NLRP3 inflammasome
is the most studied, due to its seminal role in acute and chronic inflammation.*® The
function of the NLRP3 inflammasome was first elucidated through studies identifying
Nirp3 gene mutations as the causal factor in a group of auto-inflammatory diseases, now
known collectively as the cryopyrin-associated periodic syndromes (CAPS).***° CAPS
consist of three illnesses, Muckle-Wells syndrome, familial cold autoinflammatory

51,52

syndrome, and neonatal-onset multisystem inflammatory disease. In studying these
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diseases, approximately 40 mutations have been identified that associate with a
constitutively active form of NLRP3 that leads to increased secretion of IL-13 and
subsequent chronic inflammation.”® Remarkably, the inhibition of this pathway using
anakinra, an antagonist of the human IL-1 receptor, has been key in abrogating the
severity of CAPS. This provides evidence that targeting NLRP3 represents an effective
therapeutic strategy for these diseases.’>** Due in part to NLRP3'’s role in the pathology
of CAPS, it is now realized that this NLR is a general cytosolic sensor of PAMPs and

DAMPs that plays a critical role in innate immunity.
1.5 Activation of the NLRP3 Inflammasome

Despite considerable attention and studies, mechanisms regarding the activation
of the NLPR3 inflammasome remain unknown. In comparison to other known
inflammasomes, NLRP3 is activated in response to an extensive array of structurally
unrelated activators, such as microbial components, pore-forming toxins, crystalline
particles, and endogenous molecules indicative of tissue damage and cellular stress.**
The structural diversity of these activating signals suggests that the activation mechanism
may not be due to direct ligand binding. Currently, a two-step activation model in which
NLRP3 inflammasome formation requires an initial priming stimuli followed by an

activating stimulus has been widely accepted.***>*’
1.5.1 Two-step Model of NLRP3 inflammasome Rormation/Activation

To protect against detrimental immune responses, the initiation of proinflammatory
events is under precise control. Given that the NLRP3 inflammasome is critical to the

maturation of proinflammatory cytokines IL-18 and IL-18, activation of this protein
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complex requires the recognition of two sequential signals, known as priming and
activation. This two-step activation mechanism represents an important regulatory
checkpoint and functions to guard against unwanted inflammatory responses. The initial
priming step, upon recognition of a diverse array of stimuli by innate immune systems,
stimulates the expression of pro-IL-13 and NLRP3 and prepares the cell for
inflammasome formation.  Additionally, the priming signal entails a series of
posttranslational events that act as an additional layer of regulation. This step is
paramount for the production of IL-1B. In the absence of this priming signal, the
production of IL-1B is either nonexistent or of a minimal magnitude.® In the activating
step, a second group of diverse agonists trigger the assembly of the inflammasome
complex and the cleavage of pro-caspase-1, leading to the maturation of IL-13 and IL-18.
The mechanisms of priming have been extensively studied, while the activating

mechanism still remains largely unknown.
1.5.1.1 Signal 1: Priming

Under normal physiological conditions, both pro-IL-18 and NLRP3 are not present
within the cell at relevant levels. Upon priming, recognition of specific ligands stimulates
transcriptional and posttranslational events that prepare for NLRP3 oligomerizationn

(Figure 5).**

In general, transcriptional priming begins with receptor recognition of
specific PAMPs and/or DAMPs. PAMPs and DAMPs recognition is mediated by a variety
of receptors such as IL-1R1, TLRs, NLRs, and the cytokine receptors, tumor necrosis

factor receptor 1 (TNFR1) and TNFR2. Once activated, these receptors activate the

transcription factor, nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
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kKB). Once initiated, NF-kB promotes the transcription of both pro-IL-13 and NLRP3,

raising the endogenous levels of both these proteins.*®*°
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Figure 5. Signals mediating NLRP3 inflammasome priming. Pro-IL-18 and NLRP3 are not present
within the cell at relevant levels under resting conditions. In priming, detection of a wide range of
PAMPs and DAMPs stimulate transcriptional up-regulation of pro-IL-18 and NLRP3. Priming
begins with PAMP and DAMP recognition by a variety of PRRs, such as TLR4 and NOD2. Priming
can also be triggered by the activation of the cytokine receptors TNFR and IL-1R. Receptor
activation leads to the induction of the transcription factor NF-kB. NF-kB stimulates the transcription
and subsequent translation of NLRP3 and pro-IL-13. Additionally, priming also entails a series of
posttranslational events that serve as an additional mechanism of control. Dissociation of HSP90
and SGT1 is needed for NLRP3 inflammasome activation. The polyubiquitination of cytoplasmic
NLRP3 sequesters this molecule in an inactive state incapable of oligomerization. During priming,
signals stimulate the E3 ubiquitin ligase, BRCC3, to deubiquitinate the LRR domain of NLRP3,
allowing for oligermization. These events are critical for inflammasome formation. In the absence
of priming, the activation of NLRP3 produces low to negligible amounts of IL-1f3

Evidence also suggests posttranslational modifications of NLRP3 function as an

additional regulation mechanism. Specifically, the polyubiquitination of cytoplasmic
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NLRP3 sequesters this molecule in a state that is incapable of oligomerization. During
priming, signals stimulate the E3 ubiquitin ligase, BRCA1/BRCA2-containing complex
subunit 3 (BRCC3), to deubiquitinate the LRR domain of NLRP3, thus allowing for
oligermization.**®® Knockdown or pharmacological inhibition of the BRCC3 blocked the
activation of the NLRP3 inflammasome, demonstrating the necessity of this priming

pathway for NLPR3 inflammasome function.®°
1.5.1.2 Signal 2: Activation

As described in the two-step model, Activation is the second step in NLRP3
inflammasome formation (Figure 6). During the activating step, a diverse group of agents
triggers the assembly of the NLRP3 inflammasome. Assembly entails the recruitment of
the adaptor molecule, ASC, and pro-caspase-1. Formation of the inflammasome complex
eventually ends in the protolytic activation of caspase-1 and the production of IL-1 and
IL-18.2°°"%1 A wide range of structurally diverse agonists have been identified to trigger
the assembly of NLRP3. This includes both foreign and intrinsic molecules, such as alum,
silica, asbestos, monosodium urate, adenosine triphosphate (ATP), and pore-forming
toxins like nigericin.** Due to the structural diversity of these agents, it is unlikely that
formation of the inflammasome is due to direct binding by these ligands.***° Instead, a
considerable amount of attention has been focused on identifying a common downstream
signal event that links these ligands. Although this unifying signal is yet to be identified,
some common pathways that link many of these triggering agents have been proposed,

such as cationic fluxes of potassium and calcium, and the involvement of mitochondria.

1.5.1.4 lon Fluxes in NLRP3 Inflammasome Activation
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Studies have suggested that a reduction in the cytoplasmic K* is compulsory for
inflammasome formation (Figure 6).°> Under normal metabolic conditions, the high
intracellular concentration of K* prevents oligomerization by inhibiting the binding of ASC
to procaspase-1.>*%? For example, preventing potassium efflux by elevating extracellular
potassium, or by blocking K* channels, inhibits the formation of the NLRP3 inflammasome
complex.®® Although a diverse group of agents have been shown to decrease the level
of cytoplasmic K* and subsequent formation of the NLRP3 inflammasome, the
mechanisms by which this rapid K™ efflux occurs differs for each agent. In the case of
ATP, K" efflux is triggered when extracellular ATP binds to, and subsequently opens, the
ligand-gated cation channel P2X7 receptor.®**® Pore-forming toxins, such as maitotoxin
and nigericin, decrease intracellular levels of K* by perforating the plasma membrane.®’
In the case of crystalline particles such as MSU, a proposed mechanism is that MSU
crystals induce a passive influx of water through aquaporins, thus reducing the intra-
cellular levels of K* below the threshold for NLRP3 inflammasome activation.®® The role
of K” in the assembly of NLRP3 inflammasome was further supported by studies in which
K* efflux was prevented by elevating extracellular K*.°® These findings indicated that, at

least for some agents, K efflux is required for NLRP3 inflammasome activation.

Recently, calcium has also been implicated in the assembly of the NLRP3
inflammasome (Figure 6). Studies suggest that Ca?* acts as an activator at high
extracellular concentrations, and could also represent a common activating
mechanism.®®*® As a common pathway for activation, extracellular Ca?* influx and
intracellular mobilization in the cytoplasm, have been linked to NLRP3 inflammasome

69,71-75

activation by numerous agents. Both calcium-sensing receptors, CASR and
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GPRC6A have been shown to sense extracellular Ca?*.”®"" In response to high
extracellular Ca?*, CASR and GPRCBA trigger the release of Ca®* from the ER via a
phospholipase C (PLC) dependent pathway.®®’® The influx of Ca** has been shown to
trigger inflammasome formation through the generation of mitochondrial-reactive oxygen
species (MtROS).”? Furthermore, the recently discovered channel, TRPM2, has also
been linked to mediation of Ca?" influx required for NLRP3 inflammasome activation in
response to ROS generation.”® Evidence also suggested that NLRP3 activation, during
the volume-decrease response to cell swelling, could be caused by Ca®* flux regulated

by the transient receptor potential cation channels TRPM7 and TRPV2.”

The role of both potassium and calcium in the activation of NLRP3 inflammasome
is widely debated. It is conceivable that the flux of one of these ions serves as the trigger
during activation process, while the other is just a counter-movement to balance ionic
forces, and strong arguments have been made both for and against one particular ion.*
Collectively, ionic flow plays important roles in the activation of the NLRP3 inflammasome,
at least for some NLRP3 ligands. However, further studies are needed to precisely define

each ion’s role in inflammasome formation.
1.5.1.5 Mitochondria in NLRP3 Inflammasome Activation

In addition to the role of ionic fluxes, events associated with mitochondria have
emerged as critical for the activation of the NLRP3 inflammasome (Figure 6).”® Studies
demonstrated that damaged mitochondria generate ROS and consequently trigger
inflammasome activation.”® To support this notion, it was observed that scavenging of

80,81

ROS resulted in the inhibition of NLRP3 inflammasome activation. Furthermore,

diminished mitophagy increases inflammasome activity, owing to a failure to clear the
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dysfunctional mitochondria that produce ROS.??*? Damaged mitochondria also release
mitochondrial DNA (mtDNA) into the cytosol, which has been postulated as a trigger of
NLRP3 inflammasome activation.?*®> The results strongly support the concept that
mitochondrial dysfunction plays an essential role in the oligomerization of the NLRP3

inflammasome.

Despite evidence implicating mitochondrial dysfunction in the activation of the
NLRP3 inflammasome, the exact mechanism by which ROS and mtDNA activate this
protein complex remains elusive. Recent findings suggest that ATP can stimulate an
influx of Ca?* into the cytosol. This influx damages mitochondria, leading to the
generation of ROS and the loss of mitochondrial membrane potential.”*’” Furthermore,
another study showed that K" efflux can facilitate the influx of Ca**. However, the exact
role of these ions in mitochondrial dysfunction remains elusive. Another study suggested
that K* efflux prompts NLRP3 activation in a Ca*" influx-independent manner.®
Therefore, further studies are needed to understand the exact role of mitochondrial

dysfunction in triggering NLRP3.

Besides the mitochondrial damage, as aforementioned, these organelles can also
contribute to the activation of NLRP3 by functioning as a platform for oligomerization. For
example, mitochondrial anti-viral signaling protein and mitofusin 2 have both been shown
to aid in the recruitment of NLRP3 to the mitochondrial out-membrane in response to viral
infection or NLRP3 ligands.?"®® Furthermore, cardiolipin, a lipid found in the membrane
of mitochondria, also interacts with NLRP3, stimulating its activation (lyer et al. 2013) (Fig.
3).%% This evidence suggests that it is possible that mitochondria could serve as a

signaling scaffold for the assembly of the NLRP3 inflammasome. However, as with
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mitochondrial dysfunction, the mechanism of inflammasome component recruitment to

this organelle needs further investigation.

Despite the recent studies linking Ca** flux and mitochondrial events in the
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Figure 6. Signals implicated in NLRP3 inflammasome activation. The second step of NLRP3
inflammasome formation is activation. During activation, a wide range of agonists trigger the
assembly of the NLRP3 inflammasome. It is unlikely that formation of the inflammasome is due
to direct binding. Furthermore, a multitude of events have been implicated in activation. Studies
demonstrate that an efflux of intracellular K* is required of NLRP3 oligomerization. Numerous
NLRP3 ligands trigger K efflux leading to inflammasome formation. ATP triggers K" efflux when
binding to the P2X7 receptor. Maitotoxin and nigericin, cause intracellular K* efflux by perforating
the plasma membrane. MSU crystals induce a passive influx of water, diluting K* levels. Calcium
has also been implicated in activation. CASR and GPRCG6A sense extracellular calcium and
cause the release of this ion via the PLC pathway. In addition to the the role of ion fluxes, events
associated with mitochondria have emerge as critical for NLRP3 inflammasome activation.
Damage of this organelle can trigger inflammasome formation through the generation of
mitochondrial reactive oxygen species (mtROS). The release of mtDNA into the cytosol has been
shown to trigger inflammasome activation. In addition to mtROS and mtDNA, these proteins also
contribute to the activation of NLRP3 by functioning as a platform for oligomerization.

activation of the NLRP3 inflammasome, it is still not completely understood how NLRP3

activators trigger the formation of this complex, or how such a diverse array of molecules
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is sensed by this PRR. The exact role of ionic flux remains unknown, and further studies
are needed to clarify the role of K* and Ca** as a discrete activator. Additionally, future
studies are needed to determine if mitochondria are just a scaffold for activation, or if this
organelle plays a more active role in triggering this complex. Despite the concerted effort,
a common ligand or a unifying mechanism of action remains to be discovered. Many
questions need to be answered, and it is apparent that NLRP3 activation is a complex

and nuanced event.

Regardless of how NLRP3 activation occurs in response to these ligands, the net
result of inflammasome formation is the activation of caspase-1 and subsequent secretion
of IL-13, IL-18, and pyroptosis. Under normal conditions these effectors mediate a short-
term inflammatory response that promotes healing and aids in combating foreign
microbes. However, dysregulation of NLRP3, IL-1B, 1L-18, and pyroptosis, leads to
chronic inflammation, and is implicated in the pathology of a myriad of degenerative

diseases.®
1.6 NLRP3 Inflammasome and Neuroinflammation

Under normal conditions, systemic immune cells are not present in the central
nervous system (CNS) except for mast cells. Additionally, the blood brain barrier (BBB)
limits the chemotaxis of peripheral immune cells. Therefore, by the lack/exclusion of
traditional immune antigen presenting cells and the absence of adaptive immune cells,

the CNS is considered an immunologically privileged site.”'~%*

Despite the lack of traditional innate and adaptive immune responses in the CNS,

the brain and the spinal cord possess their own unique neuro-immune system that
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regulates endogenous and exogenous threats. A primary mechanism by which the
neuro-immune system resolves these insults is neuroinflammation. Neuroinflammation
is an innate, inflammatory immune response of the CNS primarily mediated by microglia
and astrocytes.***®> Normally, inflammation is a localized event, and an acute response
is required for eliminating invading pathogens, clearing damaged cells, and stimulating

tissue repair.?®°

However, chronic neuroinflammation may lead to tissue injury and
neural dysfunction.’'%? Chronic neuroinflammation is a common pathology in a myriad
of neurodegenerative diseases. Therefore, modulating its deleterious effects has been a

potential strategy for therapeutic development.

NLRP3 is ubiquitously expressed in the CNS, where it functions to detect
deleterious substances and abnormalities in the cellular microenvironment. Recent
studies have indicated that NLRP3-mediated activation of caspase-1 and IL-13
production contribute to deleterious neuroinflammation.®® involved in numerous
neurological diseases. High-levels of caspase-1 have been observed in many
neuroinflammation-related disorders, along with the secretion of IL-18 and IL-18.
Elevated levels of IL-1B and IL-18 have also been observed in the cerebrospinal fluid
(CSF), and brain parenchyma of patients suffering from CNS infection, brain injury, and
neurodegenerative diseases, including AD and MS."®7'% Microglial cells, astrocytes,
neurons and endothelial cells possess receptors for both IL-1B and IL-18. Receptor
activation of these cytokines triggers signal transduction pathways that result in
expression of multiple inflammation-associated genes, and this has been linked to

cognitive decline.'1%
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IL-18 both mediates and continues deleterious, inflammatory reactions in the
CNS."™ Studies have shown that IL-1B disrupts the integrity of the BBB, by down-
regulating the production of tight junctions in endothelial cells. Increased BBB
permeability results in the migration of peripheral immune cells into the CNS.'%"° |
addition to disrupting BBB integrity, IL-1B also indirectly aids in the recruitment of these

reactive immune cells by stimulating the expression of chemokines."’

IL-18 activates
both microglia and astrocytes, which in turn stimulate CNS-infiltrated T cells, leading to
the generation of additional pro-inflammatory factors such as interleukin 6 (IL-6) and
tumor necrosis factor alpha (TNF-a). IL-1B also induces numerous neurotoxic mediators,
and strong evidence has shown that the dysregulation of IL-13 mediates neuronal injury

by stimulating glutamate excitotoxicity.'*'"®

In addition to IL-1p3, IL-18 is also a powerful contributor to neroinflammation. This
cytokine stimulates the induction of adhesion molecules, pro-inflammatory cytokines, and
chemokines either at the surface of the BBB or upon the migration of peripheral immune-
cells into the CNS parenchyma.”*""® Studies demonstrate that IL-18 induces signal-
transduction pathways leading to an increase in expression of caspase-1, matrix
metalloproteinases, and pro-inflammatory cytokine production.'"®'"” Furthermore, IL-18
augments Fas-ligand expression in glial cells, thereby exacerbating Fas-mediated
neuronal cell death."” Due to IL-18’s ability to induce cell death by Fas-ligand
expression, and its ability to induce the activation of chemokines and cytokines, this

molecule displays both inflammatory and cytotoxic effects within the CNS.

Pyroptosis is an inflammatory form of programmed cell-death mediated by

caspase-1. Within the CNS, both glial cells and neurons are susceptible to pyroptosis,
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and this process is observed in many neurological diseases.'” Unlike apoptosis,
pyroptosis is characterized by the rupture of the plasma membrane and the release of
cytoplasmic content into the surrounding environment. Pyroptosis releases numerous
pro-inflammatory cytokines, including TNF-a, IL-18, IL-6, and CX3C-chemokine ligands,
which mediate the recruitment of other immune cells from peripheral circulation."®22
This process stimulates the recruitment of leukocytes to sites of inflammation in the CNS.

The following inflammatory responses cause damage to the CNS in pathological

conditions.®
1.6.1 NLRP3 Inflammasome and Neurological Diseases

The maijority of neurodegenerative diseases display chronic neuroinflammation,
which disrupts neuronal function and leads to cell death.'®'** A hallmark of these
inflammatory illnesses is the excessive production of the proinflammatory cytokines IL-113
and IL-18. Studies suggest that both neuroinflammation and the NLRP3 inflammasome
contribute significantly to the development and progression of neurodegenerative
diseases, including AD, MS, and ALS.%® Despite the critical roles implicated in these
disorders, the exact role and mechanism of the NLRP3 inflammasome in these diseases
is not fully understood. Therefore, developing novel NLRP3 inflammasome inhibitors will
help enhance ongoing studies and aid in identifying the role of the NLRP3 inflammasome
in these neurological disorders. Furthermore, these agents will also facilitate the

development of promising NLRP3-targeted therapies.

1.6.1.1  Alzheimer’s Disease (AD)
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AD is a progressive neurodegenerative disorder that is characterized by a decline in
memory and cognitive function. AD is the most common cause of dementia, accounting
for more than 50% of all diagnosed dementia cases. It is estimated that 5.5 million of the
35 million individuals suffering from this disease globally are in America. In addition,
healthcare costs associated with AD are more than $210 billion annually.'®
Unfortunately, current treatments only provide symptomatic relief, and there is no cure for

AD, making the development of novel therapeutics of paramount importance.

A growing body of evidence implicated neuroinflammation in the pathology of
AD."?%'2" This theory is supported by various epidemiological studies, which show that
levels of inflammatory proteins, including C-reactive protein and inflammatory cytokines,
become elevated long before the manifestation of the clinical symptoms of AD.'?®
Additionally, there is a strong correlation between systemic infection and dementia.'?*%
Furthermore, the long-term use of some non-steroidal anti-inflammatory drugs, especially
when applied to early and asymptomatic phases of the disease, has been suggested in
various clinical trials to prevent, or delay, the onset of AD."™' Additionally, microglia
activation, reactive astrocytes, and elevated pro-inflammatory cytokines, have all been

192-13% " Genome-wide studies have identified

observed in AD models and patients.
inflammatory genes associated with innate immune systems, such as CLU, CR1, and
TREM2, as risk factors for late-onset AD, which further highlights the importance of
neuroinflammation in the development of AD."® These findings are consistent with the
results from system biology studies on AD brains. Collectively, these findings have

provided compelling evidence supporting the theory that targeting neuroinflammation

could be a promising strategy for effectively combatting AD.
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The NLRP3 inflammasome and IL-13 have been linked to the pathogenesis of AD.
For example, several studies found elevated expression levels of IL-18 and caspase-1
in AD mouse models and human patients'>®"*® Both AB burden reduction and cognitive
function improvement was witnessed in Nirp3” and Casp1”- AD mice models.”® These
findings were seconded by a similar study that utilized 5xFAD mice with the ASC™"
genotype.”™ The findings of these studies provide sufficient evidence to support the
theory that the NLRP3 inflammasome plays a seminal role in the development of AD.
Therefore, due to the importance of the NLRP3 inflammasome in the pathogenesis of this
crippling illness, it is paramount that novel small molecule inhibitors are developed. This
will lead to a more comprehensive understanding of the NLRP3 inflammasome’s role in

AD, and will also provide a new therapeutic strategy for the treatment of AD.

1.6.1.2 Multiple Sclerosis (MS)

Multiple sclerosis is an auto-inflammatory disorder of the brain and spinal cord
characterized by the migration of myelin-reactive T-cells cells into the CNS, resulting in
demyelination and axon damage. In MS, these reactive immune-cells attack the myelin
sheath that covers the axons leading to nerve fiber damage. This damage disrupts
neuronal communication, leading to cognitive decline and physical and psychiatric
problems.' "2 Besides the destruction of myelin sheaths, MS is characterized by the
formation of lesions, also known as plaques, and chronic inflammation in the CNS. These
protypical features interact in a multifarious manner to produce the breakdown of nerve

tissue, which is still not fully understood.

As of 2017, about 2.5 million people have been diagnosed with MS. Roughly, 400,000

of those cases can be attributed to the United States. MS costs the American HealthCare
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system approximately $28 billion annually.™*® Currently, there is no known cure for MS.
From both a therapeutic and economic standpoint, there is a critical need for identification

of novel therapeutic strategies to combat this illness.

A number of recent studies strongly implicate the NLRP3 inflammasome in the
development and progression of MS. MS plaques display an increased level of caspase-
1, IL-1B and IL-18."** Additionally, there is a strong correlation between disease severity
and IL-1B levels with multiple studies showing an increased expression of IL-1B in the
CSF fluid of MS patients."**"' The most common model of MS is experimental
autoimmune encephalomyelitis (EAE). In this model, Nirp3” mice display a significantly
milder form of EAE, characterized by reduced levels of demyelination, astrogliosis, and
cognitive impairment.”® These mice also displayed a reduction in levels of Interferon
gamma and subsequently reactive T-cells. Asc™ also display a similar phenotype.
Conversely, the activation of the NLRP3 inflammasome has been shown to induce
demyelination in EAE. Evidence suggests that the NLRP3 inflammasome is likely
involved in the pathogenesis of EAE by inducing the production of chemokines, which
enhances the chemotactic migration of T-helper cells and antigen-presenting cells into
the CNS.®° Taken together, targeting the NLRP3 inflammasome may be a novel

therapeutic strategy to combat MS.

1.6.1.3 Amyotrophic Lateral Sclerosis (ALS)

ALS consists of a group of rare progressive neurodegenerative diseases that
mainly affect motor neurons. Loss of these motor neurons disables muscle function,
leading to atrophy. Eventually, the individual loses all ability to coordinate voluntary and

involuntary muscle movement. Most patients with ALS will die of respiratory failure within
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3 to 5 years of being diagnosed. The estimated number of Americans with ALS is 14,000-
15,000 individuals. Currently, there is no cure for this disease, and there is no efficacious
treatment to halt, or reverse, the progression of ALS."? Additionally, the exact cause of

this illness remains elusive.

Mutations in human superoxide dismutase 1 lead to the formation of toxic
misfolded protein aggregates, which play an important role in the pathogenesis of
ALS."™3"* Increased NLRP3, ASC, IL-1B, IL-18 and active caspase-1 levels were
detected in both human ALS tissue and in murine models."*"*® Transactive response
DNA-binding protein-43 (TDP-43) is considered a major component of intraneuronal
aggregates in ALS patients.’” TDP-43 instigated NLRP3 inflammasome activation in
microglia, which resulted in a pro-inflammatory signaling that is detrimental to motor

neurons .’
1.6.1.4 Parkinson's Disease (PD)

PD is an adult-onset, progressive disorder in which dopaminergic, motor-neurons
of the substantia nigra, undergo degeneration.!'V' The symptoms associated with PD
include tremors, rigidity, bradykinesia, and difficulty with walking.!" Additionally, it is
common for PD patients to experience cognitive decline and behavioral problems, such
as depression and sleep disturbances.”™ In the later stages of this illness, dementia
becomes common. Approximately 10 million individuals globally are living with
Parkinson's disease, with Americans accounting for one million of these cases. Due to
the large number of Americans with this disorder, PD is estimated to cost the US $25
billion annually. There is no known cure for PD, and while the available treatments

alleviate the symptoms of this disease, they do no stop neurodegeneration."*®
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PD results in the death of neurons in the substantia nigra, and is characterized by
the formation of Lewy bodies, composed primarily of the misfolded protein of a-synuclein
(aSyn)."™ The physiological function of aSyn is unknown. Misfolded aSyn forms B-sheet-
fibrils similar to the amyloid plaques seen in AD80. Studies show that, through numerous
pathways, intracellular aSyn can be released into extracellular spaces.”® Extracellular
aSyn stimulates the secretion of IL-18 from microglia cells and astrocytes.'™ In a
transgenic rat model of PD, the persistent expression of IL-18 resulted in dopaminergic
cell death in substantia nigra, and was associated with the progression of PD."®" Studies
have shown that fibrillary and monomeric aSyn induce an up regulation of pro-IL-1p via
TLR2 signaling, and that the fibrillary form of this protein activates the NLRP3

inflammasome."%?

In a murine model PD, Nirp3” mice are resistant to loss of nigral neurons when
treated with the neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). This
study suggests that the NLRP3 inflammasome plays a role in PD. Intriguingly, dopamine
has been shown to inhibit NLRP3 activation in both primary microglia and astrocytes.'®
It was suggested that inhibition was due to dopamine D1 receptor (DRD1) activation.
DRD1 activation leads to an upregulation of the signaling molecule, cyclic adenosine
monophosphate (cCAMP). cAMP has been shown to bind to NLRP3 and promote its
degradation via the E3 ubiquitin ligase, MARCH7. Furthermore, the knock-out of DRD1
causes an increase in NLRP3-dependent IL-1B production, and renders mice more prone
to neuronal loss when exposed to MPTP.'® These studies provide evidence that the
over activation of the NLRP3 inflammasome can damage these neurons, and that

targeting NLRP3 may be a novel therapeutic strategy for PD.
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1.7 Summary

A multitude of evidence suggests that the NLRP3 inflammasome is a primary
mediator of detrimental neuroinflammation in neurodegenerative disorders. These
diseases demonstrate excessive production of IL-18 and IL-18. Numerous studies have
suggested that NLRP3 may function as an essential player in the observed
neurodegeneration of these neurological disorders. Therefore, small molecule inhibitors

targeting the NLRP3 inflammasome may represent a promising new therapeutic avenue.



39
Chapter 2: Project Design
2.1 Preliminary Studies

Glyburide, developed in 1966, is a common sulfonylurea anti-diabetic that
promotes the release of insulin from pancreatic p-cells.'® Mechanistically, this drug

inhibits ATP-sensitive potassium
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release of insulin.

Eventually the build-up of K* will cause membrane depolarization and open voltage-gated
Ca?* channels that allow the influx of Ca?*. This subsequently stimulates the release of
insulin, which in turn reduces the blood glucose levels (Figure 7)."°®'®” Remarkably,
glyburide not only possesses insulin releasing attributes, but has also been shown to have

anti-inflammatory activity.%% 8169

Recent studies suggest that the anti-inflammatory properties of glyburide stem

from its inhibition of the NLRP3 inflammasome and subsequent reduction of IL-1
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production.®® Initially, an epidemiological study showed that type-2 diabetic patients
under treatment with glyburide exhibited an increased survival rate from pulmonary
bacterial-associated sepsis that corresponded with increased anti-inflammatory gene
expression in blood-leukocytes.'® In 1997, Hamon et al. reported that glyburide showed
the ability to decrease the production and release of IL-1B."®° Later, studies indicated
that glyburide’s ability to reduce the level of IL-13 was due to the inhibition of the NLRP3
inflammasome and caspase-1."®® Despite these promising findings, glyburide is not a
realistic NLRP3 inhibitor in vivo because it would induce lethal hypoglycemia effects at

the concentrations required for NLRP3 inflammasome inhibition.

Glipizide, a mechanistically and structurally similar sulfonylurea anti-diabetic
drug, also acts by blocking Katp in pancreatic 3-cells. However, glipizide, unlike glyburide,
does not inhibit the NLRP3 inflammasome (Figure 8).* The different effects on the
NLRP3 inflammsome between these two drugs indicates that the observed inhibitory
activity on NLRP3 inflammasome by glyburide exists independently from its insulin-
releasing actions. Furthermore, because there must exist some common structural
element between both drugs that is responsible for the release of insulin, it may be
possible to remove the blood glucose altering attributes of glyburide while retaining its
NLRP3 inhibitory activity. Recent studies indicate that the sulfonylurea group within these
structures is primarily responsible for their ability to bind to the Katp channels and
stimulate the secretion of insulin.®® Therefore, removal of the sulfonylurea moiety of
glyburide may create new analogs that retain the inhibitory activity on the NLRP3

inflammasome while lacking its hypoglycemia effects.
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To support this notion, studies by Lamkanfi et al. demonstrated that substituting the
sulfonylurea moiety with a sulfonyl chloride group, as evidenced by 1 (Figure 8),
eliminates its insulin releasing activity while preserving its ability to inhibit the NLRP3
inflammasome.® Given the highly electrophilic nature of this analog, further development
is limited. In addition, no further structural modifications of glyburide, to explore their
application as NLRP3 inflammasome inhibitors, were reported despite the broad
implications of the NLRP3 inflammasome in the pathogenesis of a variety of diseases. It
is therefore our desire to rationally design and develop novel small molecule inhibitors of

the NLRP3 inflammasome based on this chemical scaffold.
2.1.1 Overview of the Developmental of Glyburide based NLRP3 inhibitors

Using glyburide as a point for further structural elaboration, we designed a

sulfonamide analog known as JC21 or 2 (Figure 8).""" 2 was confirmed to be selective

O+ _NH O<_NH
Y e HaC
NH NH % NH NH
0=S8=0 0=S=0 0=S=0 0=S=0 0=S=0
Third Generation
—— —— > >  — of NLRP3
Inhibitors
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~ E .0 0. f T
HsC O gN H,C \5\ HsC HzC (0]
N
Cl ﬁ/ Cl Cl Cl
CHj
Glyburide Glipizide Lamkanfi et al JC-21 JC-124
1 2 3

Figure 8. Design overview of third generation NLRP3 inhibitors

against other inflammasomes and displayed in vitro and in vivo activity. Importantly, unlike

its parent compound glyburide, 2 did not affect blood glucose levels."”? Based on the
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auspicious results of 2, a second generation of NLRP3 inhibitors was designed. Of this
second generation of compounds, JC124, alternative known as compound 3, was
identified as a having improved solubility, and comparable in vitro and in vivo activity. 3
then became the starting point for the design of a third generation of NLRP3 inhibitors

which is the focus of this study.

2.1.2 Development of JC124 as selective NLRP3 inhibitor

In order to test our hypothesis, compound 1’'s chemical structure was used as a
starting point for further structural exploration. To increase the stability of compound 1,
we replaced the sulfonyl chloride group with a sulfonamide, designing 2, (Figure 8). Upon
testing in murine macrophage cells, we confirmed that 2 was a potent and selective

NLRP3 inhibitor (ICso ~ 3.25 + 1.39 yM) with excellent in vitro and in vivo activities.

171-173

Additionally, 2 did not have an effect on blood sugar levels (Figure 9). In order to
elucidate the mechanism of
A B
action of 2, we tested this g 10 100
@ 0 90 Jc21
compound in bone marrow 3 -10 L 80
> _ .20 s 70
23 g
. S %-30 ; 60
derived macrophages S £ 2 50 Glyburide
W - -40 @ P<0.01
£ 5 40 :
(BMDM) that possessed & 30
o 20
S -70 « 10
constitutively active NLRP3. Glyburide 24 " -

Hours

This compound was found Figure 9. JC-21 has no affect on blood glucose levels. A) shows a lack
o of significant change in glucose levels 2 hours after a single dose of JC-
to inhibit the release of IL-1B 21 (100 mg/kg). However, a significant reduction in glucose was seen
after a 132.5 mg dose of glyburide (equimolar to JC-21 100 mg/kg). B.)

and the activation of shows a 50% mortality in healthy mice treated with glyburide, 132.5 mg
every 6 hours for 24 hours. JC-21 had a lack of any effect at 100mg/kg

caspase-1 in these BMDM every 6 hours for 24 hours (P<0.01).

cells. This finding indicates that 2 functions by inhibiting the formation of the NLRP3
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inflammasome.'”? These auspicious findings indicate that 2 is a promising molecular

scaffold for further structural optimization.

The sulfonamide group of 2 was methylated to produce compound 3 (Figure 8).

173

In addition to improving solubility, methylation of this group would allow us to determine

if further structural alteration would be tolerated at this position. After synthesis and

biological evaluation, 3 displayed improved solubility and was a potent NLRP3 agent (ICso

~ 4.56 + 1.18 uM) with activity comparable to that of JC21 (ICs0 ~ 3.25 + 1.39 yM). Like

2, we confirmed that 3 also inhibited the release of IL-13 in microglia cells upon stimulation
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Figure 10. JC124 is a selective NLRP3 inhibitor and is a BBB
penetrant. A) Activity of JC124 towards primary microglia cells; B)
Inhibitory activity of JC124 against the AIM2 and NLRC4
inflammasomes; C BMDM were treated with JC124 (100uM), then
stimulated with LPS/ATP. Cell lysates were then immunoprecipitated
with anti-NLRP3 and anti-ACS antibodies. NLRP3” were used as a
control; D) BBB penetration of JC124 in CD-1 mice (n=6) 1 hr after
oral gavage (50mg/kg). Error bars represent SD

with LPS and ATP (Figure
10 A) and demonstrated
excellent selectivity against
AIM2 and NLRC4, which are
other inflammasomes also
primarily responsible for the
maturation of IL-1B (Figure
10 B). This finding suggests
that the reduction of IL-1p is
due to its interaction with
NLRP3 and not any

homologous
inflammasome. After initial
testing, murine macrophage

lysate was
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immunoprecipitated with anti-NLRP3 and anti-ACS antibodies. The result, seen in Figure
10 C, suggests that inhibition of the inflammasome is the result of blocking the assembly
of this complex. Furthermore, our preliminary studies of 3 second these findings by
showing that this inhibitor blocked the recruitment of ACS during NLRP3 activation

(Figure 10 C).

After establishing 3 as a potent and selective inhibitor, the next step in developing
3 as a CNS agent, was to test the ability of this molecule to penetrate the blood brain
barrier (BBB). Therefore, we examined the ability of 3 to penetrate the BBB in intact CD-
1 mice. As shown in Figure 10 D, the results clearly illustrate that significant levels of 3
were detected in the perfuse brain tissue after an oral administration (50 mg/kg), thus

confirming that 3 is a BBB penetrant.

Preliminary metabolic studies established that the intrinsic clearance of 3 is 19.4
uL/min/10° cells in human hepatocytes and the T4 is 71.6 minutes, thus indicating
reasonably good metabolic stability. Further metabolite profiling indicated that three types
of metabolisms were observed in human hepatocytes: glucuronidation, mono-oxidation,
and de-methylation. From our BBB studies in CD-1 mice, we also observed the presence
of de-methylated product in the brain tissue. Since our previous studies have shown that
JC21 exhibits in vivo activity, we believe that compound 3 might be able to exhibit
prolonged in vivo activity by producing active metabolites.

2.1.3 JC124 exhibits in vivo activities in transgenic AD mouse models
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With the establishment of the BBB penetration and metabolic properties of 3, we

next studied its in vivo activities on AD pathology in TYCRNDS transgenic mice.'”*'"®

Compound 3 was administered via

A B
intraperitoneal injection at 50 mg/kg, wr rocrios 5] Nikes
nees D S 41 W Caspase-1p20
once daily every weekday for 4 weeks, e .. : ¢
Pro-caspase-1 e .g 2
81
beginning at 9 months of age, at which =" — N
GAPHD S Q) G
S S S
D g . F & &
significant AR accumulation and other S N
c D
pathology had occurred. We first 3
Veh ic124 g
confirmed that the NLRP3 P20 we s e 2
5
['4

GAPDH

inflammasome is over-activated in the

TgCRND8 mice, as evidenced by the Figure 11. JC124 inhibits activation of NLPR3

inflammasome in TgCRND8 mice. A) the cortex of
WT (n=3) and TgCRND8 (n=4) mice were subjected
to western blotting using corresponding antibodies; B)
band intensity was normalized to GADPH and

increased expression of NLRP3, ACS,

and the increased cleavage of caspase-
1 (i.e., cleavage product of p20) (Figure

11 A, B). 3 significantly suppressed the

quantified relative to WT mice; C) JC124 was
administered via i.p. injection in 9-month old
TgCRND8 mice and were subjected to western
blotting using caspase-1 p-20 antibodies; D) band
intensity was quantified. Data represent mean £ SEM,

Student’s t-test, *p<0.05, **p<0.01.

cleavage/activation of caspase-1 (Figure 11 C, D), which illustrates inhibition in vivo.
Additionally, 3 was shown to reduce AR deposition in the cerebral cortex (Figure 12 A,
B) and hippocampus (data not shown) of TQCRND8 mice. Significant reduction of total
AB1-42 levels was also observed, (Figure 12 C-E) along with a reduction in 3-cleavage
of amyloid precursor protein (APP) (data not shown) in the brain. Treatment with 3
resulted in reduced microglia activation (Figure 13 A, B) and enhanced astrocytosis in
TgCRND8 mice (Figure 13 C, D). Western blot analysis of cortical homogenates also

demonstrated a significant increase of GFAP expression in mice treated with 3 (data not
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shown). These findings parallel a recent
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Figure 12. JC124 reduces AB load in TYCRND8 mice. Models have been shown to bind and
A) After treatment with JC124, immunohistochemical

staining was performed from cortex employing anti-AB degrade AB in the brain_WG'177 Therefore,
82E1 antibodies; B) The amount of AB-plaques was
quantified as percent area. C-E) ELISA was used to
measure the concentration of ABq42 in TBS, Trition X-
100 and Guandine-HCL fractions from the cortex of
TgCRND8 mice. Data represents mean + SEM, mice treated with (3) along with
Student’'s t-test, *p<0.05, **p<0.01. Scale bar

represents 200uM decreased AP burden is consistent with

enhanced astrocytosis in the TgCRND8

the observation in ACS heterodeficiency. Our results suggest that enhanced astrocytosis
plays a major role in the degradation and reduction of AB plaques in the brain after

inhibition of the NLRP3 inflammasome has occurred.

Oxidative stress also correlates with inflammation and the formation of
inflammasomes.?* 3 was shown to lower the levels of two commonly utilized oxidative
stress markers, hemeoxygenase-1 (HO-1) (Figure 13 E, F) and 4-hydroxy-2-nonenal
(HNE) (data not shown), in TgCRND8 mice, indicating 3’s antioxidant effect. Additionally,
TgCRNDS8 mice treated with 3. were shown to have increased levels of synaptophysin, a
pre-synaptic marker, which suggests a connection between synaptoprotective activity

and improved cognition.

2.2 Design Strategy



The results stated above establish
3 as a potent and selective NLRP3
inflammasome inhibitor with in vitro and in
vivo activities. We hypothesized that
through comprehensive structure-activity
relationship (SAR) studies of 3, we would
understand the chemical space around
this lead structure and generate more
potent analogs. To conduct the SAR
studies, four domains of 3 were targeted
for structural exploration: phenyl domain,
domain, and

amide domain, linker

sulfonamide domain (Figure 14)

2.2.1 Phenyl Ring Modifications
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Figure 13. JC124 exhibits anti-inflammatory and
antioxidant effects in TQCRND8 mice. A) Double
staining with anti-lba-1 (brown) and anti-AB (blue) of
the cortex of TJCRND8 mice; B) The total number
of microglia was quantified as cells per mm?; C)
Staining with GFAP antibody of the cortex
TgCRND8 mice; D) relative GFAP intensity and
normalized to vehicle treated mice; E) Western
blotting of the cortex of treated mice using HO-1
antibodies; F) Band intensity was normalized to
GADPH and quantified relative to vehicle treated
mice. Data represent mean £ SEM, Student’s t-test,
*p<0.05. Scale bar represents 200uM
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The goal of structural modification on this domain was to investigate the contribution of

Sulfonamide Domain

| X
)/
Amide Domain HN__O
.0
Cl
JC124

Figure 14. Design Strategy

5-OCHs; and 2-Cl on the observed biological
activity and whether further optimization is
feasible. To this end, we investigated the
importance, and positional preference, of
these two substituents on biological activity
by analogs 4-12 (Figure 14). The potency
of

the designed analogs 4-12 was

determined by their ability to suppress the
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secretion of IL-18 from murine macrophage J774A.1 cells under LPS/ATP challenge
conditions. Compounds 4 and 5 exhibited a reduced potency with the removal of the 5-
CH30 to a 2-CI groups. Compound 6, in which both substituents was removed, lost
activity to inhibit the release of IL-1B3. These results indicate that both 5-CH30 and 2-Cl
contribute to the observed biological activity. Conversion of the 5-CH30 to a 5-OH, as
designed in compound 7 (IC5,=10.48 uM, SEM= 0.091 uM), caused a 3-fold decrease in
inhibitory potency. Taken together, these finding suggested that the 5-CH3;0 and 2-Cl are

needed for optimal activity.

After determining the contribution of the CH30 and 2-CI groups to activity, we then

analyzed the optimal position of these moieties by synthesizing and evaluating

AN [}
Y

o)
H’}‘/CHS Hn-CH ©\ HaC 1 j
I
0=S=0 0=S8=0 Cl

4, 5.

IC50=13.36 & IC5o=17.10
— 2.26 uM 4.32 uM
HN__O HN_ _O v s
Y HO
.0
HsC R

Cl

of 6. .
3. IC50= 146.56 + IC50= 10.48 +

26.31 yM 0.091 uM
H300;© HsCO HsCO. i cl i
of H,CO Cl Cl
Cl OCH,4
8. 9. 10 1. 12.
IC5=31.78 IC50=18.03 IC5=44.42 IC5=5.83% IC5=32.75%
3.19 uM 0.27 uM 6.32 uM 1.36 uM 3.78 uM

Figure 15. Proposed structural modifications at the phenyl domain
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compounds 8-12. Compounds 8-10 looked at the optimal position of the chloro-group
while holding the methoxy-group constant at the 5-position. Compounds 11-12 looked at
the optimal position of the methoxy-group while holding the chloro-group constant at the
2-position. The movement of the chloro-group from the 5-position resulted in a decrease
in potency. Similarly, with the exception of compound 11, the movement of the methoxy-
group from the 2-position demonstrated a decrease in potency. Surprisingly, despite
glyburide being designed to inhibit Kate channels, these findings indicate that the optimal
location for the methoxy-group and the chloro-group are the 2 and 5 positions, which is

the same configuration seen in this anti-diabetic drug.
2.2.1.1 Compound 4-12 Synthetic Route

The chemical syntheses of the analogs were successfully achieved by employing

the conditions detailed in Scheme 1. Briefly, condensation of isobenzofuran-1,3-dione,

0 (0] O (I?
0O —— N _— N 0] —_—
o) o) o

13. 14. 15.
Ln-CHe
/CH3
O S (e
) CH o s=0
/—< :>—S H
(0]
6. 17.-25.
2
X
R—
=
4.-12.

Scheme 1. Synthetic route for compounds 4-12. A) phenylethylamine, AcOH, reflux; B) CISO3H,
70°C; C) methylamine, Et;N, DCM, D) NH,NH,, EtOH, 60°C; E) EDCI, HOBt, Et3N, DCM;
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known as 13, with 2-phenylethylamine, gave compound 14. Sulfonation of 14 with
chlorosufonic acid gave intermediate 15. Reaction of 15 with methylamine, followed by
refluxing with NH>NH; in ethanol, afforded 4-(2-aminoethyl)-N-
methylbenzenesulfonamide 26. Final compounds were produced by the coupling of a
variety of commercially available benzoic acids, 17-25, with 26. Final products were

purified via column chromatography and were obtained in good yields.

2.2.2 Structural modifications of the amide domain

After we determined the optimal configuration of the chloro- and methoxy-groups,
the structurally-constrained analogs 30 and 34 were designed to examine the contribution

of structural flexibility on activity. With these compounds, we cyclized the amide group

N < H;3C.
HsC HsC o o 3 o
OH a OH b
—_— @]
OH
cl O o
27 28. 29
H'}I,CHS
H C\ 0=8=0 H3C\
oo O o i CHs
[e) + —_— N 1)
c O c O
NH,
29. 26. 30.
|C50= 571 %
0.86 uM

Scheme 2. Synthetic route for compound 30. A) TMEDA, s-BuLi, THF, CO;; B) 190 °C; C) EDCI, HOB,
Et;N, DCM;

into bi-cyclic structures. These analogs could potentially serve as novel scaffolds for the

development of new NLRP3 inhibitors provided the inhibitory activity will be retained or
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improved. Compound 30 displayed a similar potency to our lead compound with an 1Csp
=5.71 £ 0.86 yM. Compound 34 showed an ICso = 4.06 + 0.76 pM, similar to that of our
lead. These findings may suggest that constraining bond rotation does not affect

biological activity.
2.2.2.1 Compound 30 and 34 Synthetic Route

Compounds 30 and 34 were generated through a directed ortho-metalation,
followed by reductive amination. To begin, 5-chloro-2-methoxybenzoic acid was
converted into a diethylbenzamide utilizing oxalyl chloride to form an acyl chloride. This

reaction was followed by a nucleophilic acyl substitution with diethylamine. The aromatic

CH3 CH3
/CH3
O S o] HsC.
O o O CH,
d /—< :>—§—NH
> N o}
Cl
34.
|C50= 4.06 t
0.76 uM

Scheme 3. Synthetic route for compound 34. A) 1. (COCI),, DMF; 2. Et,NH, DCM; B) TMEDA, s-BulLi,
THF, DMF, 1M HCI; C) 6M HCI, 100 °C; D) 10% AcOH, NaBH(OAc);, DCE, 50 °C;

diethylamide moiety is a strong directing metalation group. It allows for the ortho-
installation of either an aldehyde moiety or a carboxyl group utilizing s-Buli,

Tetramethylethylenediamine (TMEDA), and THF. In the case of 28, the resulting
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substituted phthalic acid can be cyclized by heating this intermediate to 190°C. On the
other hand, the aldehyde intermediate 32, can be cyclized by the hydrolysis of the amide
in aqueous HCL, which will give rise to an intramolecular attack. The resulting final
product 34, can be formed by a reductive amination utilizing sodium triacetoxyborohydride

[NaBH(OAC)], AcOH, and DCE.
2.2.3 Structural modifications of the linker domain

Analogs 41 and 42 were designed to determine the optimal length of the amide
spacer between the two phenyl rings. To this end, we increased the size of the amide
spacer from two carbons up to four. Both the propyl, ICso = 2.026 uM, SEM = 0.61 uM,
and the butyl, 1ICso = 1.73 uM, SEM = 0.73 pM, amide chains are slightly more potent than
3, which contains an ethyl linker. Compounds 41 and 42 have the same relative potency.
Structural extension seemed to slightly improve potency under the current experimental
conditions. The creation of 41 and 42 were conducted through the synthetic route outlined

in Scheme 4.
2.2.3.1 Compound 41 and 42 Synthetic Route

The synthetic route for the extended linker analogs is summarized in Scheme 4.
In order to make these two compounds, 5-chloro-2-methoxybenzoic acid 27 was coupled
with ether propyl amine 35, or butyl amine 36, via an amide bond formation, utilizing EDC

and HOBt.

Next we utilized aromatic sulfonation to insert the sulfonyl chloride group on the
unsubstituted phenyl ring. To do this either compound 37 or 38 were heated to 70 °C for

2 h in an excess of concentrated chlorosulfonic acid. After 2 h, the reaction was cooled
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to room temperature and poured onto crushed ice. The resulting, sulfonyl chloride product

y-CHs
0 °
0=S=0 o s o)
HO_ _O
o) n
H3C/ a b n
+ N —_— —_— —>
o HN_ _O
HN_ _O
27. NH; H3C’O\5\
0
35.n=2 Cl HsC
36. n=3
37.n=2
38.n=3 39. n=2 41.n=2
40.n=3 42.n=3

Scheme 4. Synthetic route for compounds 41 and 42. A) EDCI, HOBt, Et;N, DCM; B) CISO3;H, 70°C; C)
methylamine, Et;N, DCM

39 or 40, were extracted into DCM and purified by column chromatography. It is worth
noting, that during sulfonation, the temperature of the reaction should not be allowed to
rise over 75°C. In general, substitution at the para-position is favored over the ortho-
position due to steric hindrance, giving rise to isomeric ratios of 95:5 or more. However,
when the reaction is heated to 100 °C, as was originally stated in the literature, there is a
drastic rise in the formation of the undesirable ortho-biproduct. The unwanted ortho-
byproduct is extremely difficult to separate form the desired product. It is preferable to
prevent the formation of this unwanted product rather than try to isolate the desired isomer
after the reaction has gone to completion. It is possible to separate the desired product

by recrystallization. However, there is a drastic loss in product yield.

The Sulfonyl chloride product 39 or 40, is converted to the desired final product
through a nucleophilic substitution. This was accomplished by using an excess of
methylamine and triethlyamine, as a non-nucleophilic base. Purification was preformed

by column chromatography and products were obtained in good yields.
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2.2.4 Isosteric replacement of the sulfonamide group

In our initial development of 3, our group synthesized compound known as 43 that
lacked the sulfonamide group, see figure 16. While 43 demonstrated a two-fold loss in
activity, 1Cso = 11.14 uM, SEM = 1.18 uyM, it does indicate that the sulfonamide group is
not obligatory for potency. We hypothesized that the isosteric replacement of this moiety
may be possible and might lead to new scaffolds with improved activity. In order to test
our theory, we replaced this group with a carboxylic acid, a well-known bioisostere for

sulfonamides. Compound 44 was active, ICsy = 33.71 uM, SEM = 2.14 yM, but displayed

HI}I’CH?’
0=5=0 ; Ox-OH
—_— —_—
HN (@)
HN_ _O
0 HN_ _O
HsC
H C/O H C’o
3 Cl 3
Cl cl
3. 43. 44,

Figure 16. Isosteric Design Strategy

a decrease in potency in comparison to our lead. Despite these results, 44 does
represent a promising starting point for further isosteric replacement. Compound 44 was

synthesized via the synthetic route outlined in scheme 5.

2.2.4.1 Compound 44 Synthetic Route

The starting material 4-(2-aminoethyl)benzoic acid 45, was converted into an ester
by F isher esterification, utilizing methanol and sulfuric acid. This esterification is

preformed in order to protect the carboxyl group in preparation for subsequent amide
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coupling. Once protected, compound 46, was then coupled to 27 by an EDC/HOBT

HO._O
(0] NH (0] NH
2 a 2 + HSC,O
HO C HeC-O C ol
45. 46. 27.
GHa
0.0 O+_OH
b c
—_— E——
HN.__O HN. O
.0
H3C/O\5\ H;C
Cl Cl
47. 44.

Scheme 5. A) H,SO,4, MeOH, (COCI),; B) EDCI, HOBt, Et3N, DCM; C) HCI, H,0, Acetone;

catalyzed amide bond formation. The hydrolysis of 47 in aqueous HCL affords the final
product 44 in good vyield. Purification was preformed by column chromatography and

products were obtained in good yields.

2.2.5 Structural modifications of the sulfonamide domain

From our preliminary studies, we have demonstrated that the methylation of the
sulfonamide group possessed either equal or improved activity. This finding allowed us
to hypothesize that different alkyl groups could be introduced at this position. Therefore,
we designed and synthesized compounds 48-63 to further determine if increasing the
size or lipophilicity would cause a corresponding rise in NLRP3 inhibitory potency (Figure
17). In addition, the information gleaned from these analogs will determine if mono- or

di-substitution is preferable. As demonstrated by compounds 48-54, increasing steric
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Figure 17. Sulfonamide structural exploration
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bulk or lipophilicity at the sulfonamide position lead to a corresponding increase in

potency and gave us our most active compound up to this point, compound 54 (IC5,=0.55

uM, SEM= 0.091 uM). Additionally, these results show a preference of di-substitution, as

evidence by the difference in compound 54 and its mono-substituted counterpart 50,

ICs50= 0.97 uM, SEM= 0.053. The ethyl analog 48 was not synthesized due to strict
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government regulation of ethyl amine. Interestingly, it appears that large alkyl groups are
well tolerated at this position. The ability to introduce larger groups at this position allowed
us to theorize that a variety of steric or lipophilic moieties could be tolerated at this
position. Introduction of these groups could lead to increased potency. To evaluate
whether cyclized versions will provide improved inhibitory activity compounds 55-63 were

designed.

Compounds 55-57 were created to evaluate whether cyclized alkyl structures
could improve potency. The first moiety we introduced at this position was a cyclobutyl
group creating compound 55. Compound 55 has a slightly improved potency, ICs5o= 1.658
MM, SEM= 1.208, in comparsion with our lead compound 3. Compounds 56 and 57,
having cyclopentyl and cyclohexyl groups, were synthesize. These compounds showed
no improved potency in comparison to 3. After the synthesis of compounds 57, the
morpholine and piperazine analogs were then synthesized to determine whether
heteroatoms could be introduced at this position. We believed that the introduction of
heteroatoms could possibly create favorable interactions with our target. Additionally,
decreasing lipophilicity would allow us to probe its effects on potency. In comparison to
the cyclohexyl analog (ICso= 5.008 uM, SEM= 1.331), 58 and 59 display a minor increase
in potency (ICso = 3.447uM, SEM = 0.9674; I1Cso = 3.731 uM, SEM = 1.575). The slight
increase in potency demonstrates that heteroatoms may be tolerated at this position.
Additionally, these analogs indicate that decreasing lipophilicity may lead to an increase
in activity. However, more studies are needed to be conducted in order to determine the

impact of lipophilicity vs. sterics.
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After the synthesis of compounds 55-59, we then created compound 60 which had
a planar, aromatic group at the sulfonamide position. Compound 60, IC5,=2.08 uM; SEM
= 0.5994, is slightly more potent than 3. After the creation and evaluation of compound
60, we then introduced benzyl amine and phenylethyl amine at this postion, compounds
61 and 62. The potency of compound 61 was IC5p = 1.13 uM, SEM = 0.16, and the
potency of compound 62 was ICsp = 0.81 uM, SEM = 0.12. Both compounds 61 and 62

displayed an increse in activity with both molecules possessing a similar potency. After
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(HN@*O ,HN@—{ ,HNON\
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F
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Figure 18. 4-Position structural exploration.

these results, we then examined if the introduction of substituents on the benzyl ring could

improve activity.

The introduction of the methoxy group at the para-pastion 64, was synthesized
and evaluated first. Compond 64, 1Cs,= 0.42 yM, SEM= 0.080, showed an increase in

potency in comparision with its benzyl counterpart, ICs0= 1.31 yM, SEM= 0.16. These
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results support the idea that not only are substituents tolerated at this position, but the
introduction of different groups may improve potency. After establishing that the methoxy
group increases potency, we then synthesized compounds 65-70 in order to examine
what impact steric or electronic factors had on activity. We wanted to ascertain if the
addition of electron-donating vs. electron-withdrawing groups would improve potency.
Compounds 65 and 66 were synthesized to ascertain the electronic contribution to
activity. Compound 65 demonstrated a subsequent decrease in activity, ICso= 1.32 uM,
SEM= 0.59. Conversely, 66 demonstrated a slight increase, 1Cso= 0.21 pM, SEM= 0.59.
Compounds 67 and 68 were created in order to measure the impact of increasing or
decreasing lipophilicity on potency. The toluene derivative possessed decreased activity,
and the phenol compound maintained its potency. These findings suggest that the
introduction of electron-donating groups on the benzyl ring may increase the inhibition of
IL-1B release under LPS/ATP challenge. This hypothesis was further supported by the
loss of activity seen with 69 and 70. Both the trifluoro and 4-Cl moieties are both more
lipophilic and electron-withdrawing. The synthesis of the above mentioned compounds is

outlined below.

2.2.5.1 Compound 48-70 Synthetic Route

Compounds 48-70 were prepared in a similar fashion to the linker analogs. Briefly,
5-chloro-2-methoxybenzoic acid 27 was coupled to ethyl amine via amide bond formation
utilizing EDC and HOBt. Next, we inserted the sulfonyl chloride group in the para-position
of the phenyl ring by aromatic sulfonation. The sulfonyl chloride product, 72, is easily

converted to the above mentioned sulfonamides, at room temperature, through
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Scheme 6. A) EDCI, HOBt, Et3N, DCM; B) CISO3H, 70°C; C) various amines, Et;N, DCM

QI
0=S=0
L» j —c> 48-70
N__O
Cl
72

nucleophilic substitution with the corresponding amine. Purification was performed by
column chromatography, and products were obtained in good yields. The designed

analogs 48-70 was synthesized following conditions outlined in Scheme 6.*%*
Biological Characterization
2.3 Compounds 54 and 64 are selective NLRP3 inflammasome inhibitors

After conducting our initial SAR study, compounds 54 and 64 were selected for further
biological characterization. Previously, we established the ability of these analogs to
inhibit the releases of IL-13 from immortalized J774A.1 cells under LPS/ATP challenge.
Next we wanted to test our compounds in primary mouse bone marrow derived
macrophages (BMDMs). We chose this cell line because macrophage cells are among
the body’s primary producers of IL-13, and numerous studies have shown that results
obtained from primary cell lines are more biologically accurate than immortalized cells.
As shown in Figure 19: A and B, both 54 and 64 dose dependently suppressed the
release of IL-13 from BMDMs under LPS/ATP challenge. The respective calculated I1Cso

values from this study were 0.12 £ 0.067 and 0.36 £ 0.043 uM. Under these conditions,
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both 54 and 64 displayed improved potency. However, compound 54 in this study
appears to be approximately 4 times more active in this assay in comparison to J774A.1
cells. This may suggest that BMDMs are more sensitive to 54 under the current

experimental conditions, which is consistent with our previous studies.

After showing that our compounds were active in both primary and immortalized
cells. We then examined the selectivity of 54 and 64 against the NLRC4 and AIM2
inflammasomes. NLRC4 is a cytosolic sensor of bacterial flagellin, and the needle and
rod proteins of type Il secretion system. AIM2 is a cytosolic sensor of viral and bacterial
dsDNA. In order to test our compounds against these inflammasomes, J774A.1 cells were
stimulated with LPS/poly(dA:dT) or LPS/flagellin. LPS/flagellin has been shown to
specifically activate NLRC4, and LPS/poly(dA:dT) activates the AIM2 inflammasome.
Production of IL-18 was measured by ELISA. As shown in Figure 19: C and D, treatment
of J774A.1 cells with 54 or 64 did not significantly reduce the production of IL-1B. This
finding indicates selectivity towards NLRP3. Consistent with previous publications, both

JC124 and MCC950 demonstrated no inhibitory activity.

After confirming the in vitro activity of 54 and 64, we then tested our compounds
for their in vivo target engagement of the NLRP3 inflammasome. In order to accomplish
this, we pretreated C57BL/6 mice with these compounds before an intraperitoneal
injection of LPS. LPS has been shown to trigger the production of IL-18 in an NLRP3-

dependent manner.22 MCC950 was used as a positive control. As shown in Figure 4E,
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Figure 19. 14 and 17 blocks NLRP3 inflammasome activation and IL-1 production in primary macrophages
and LPS-challenged mice. (A and B) BMDMs were primed with LPS (1 pg/mL) for 4.5 h and then treated with
indicated doses of 14 or 17 when adding ATP (5 mM) stimulation for 30 min. IL-f in the culture media was
assayed by ELISA. (C and D) J774A.1 cells were treated with LPS (1 pyg/mL) and test compounds (10 pM) for
1 h. Flagellin (1 pg/mL) was added and allowed to incubate for 6 hr or (Poly(dA:dT)) (4 pug/ml) for 8 hr. The
supernatants were collected and levels of IL-13 were measured by ELISA. (E) Serum levels of IL-13 from
C57BL/6 mice pretreated with 14 and 17 (0.5 mg/kg) or vehicle control were measured by ELISA 2.5 h after i.p.
injection of LPS (20 mg/kg)

serum levels of IL-1 was sharply reduced by the treatment of both 3, 54, and 64, further

indicating in vivo target engagement.

2.4 Conclusion

In order to develop novel small molecule inhibitors of the NLRP3 inflammasome,
we conducted an in-depth structure-activity-relationship study of compound 3. This SAR
study focused on four primary positions: phenyl, amide, linker, and sulfonamide domains.
At the phenyl domain, we revealed that the 2-OCH;3; and 5-C groups are important for

activity. Removal of these groups lead to a significant loss in potency. Additionally, this
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study demonstrated that both of these substituents are in their optimal position.
Constraining rotation at the amide domain had no effect on activity. On the other hand,
increasing linker length had a small but not significant impact on potency. Structural
modifications at the sulfonamide domain were promising. The introduction of bulky N-
substituents at the sulfonamide position tended to improve potency. As a results of this
SAR study, two new lead compounds, 54 and 64, were identified. Further biological
characterization of these compounds demonstrated that these molecules were potent and
selective inhibitors in both in BMDMs and J774A.1 cell-lines. Importantly, a study utilizing
mice challenged with LPS demonstrated that both of these compounds have in vivo
activity. Collectively, these results strongly encourage further development of new
analogs based on this promising chemical scaffold. Additionally, these molecules could

be used as pharmacological tools to complement ongoing studies.
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Chapter 3: Experimental Methods

3.1 Chemical Syntheses

Unless otherwise specified, the reagents and solvents utilized were purchased
from commercial suppliers. All chemicals were used as received with few exceptions.
Reactions were monitored and tested for completion utilizing thin-layer chromatography
(TLC) (precoated silica gel 60F254 plates, EMD Chemicals) and visualized with UV light
or by treatment with phosphomolybdic acid (PMA), ninhydrin, or iodine. Column
chromatography was performed on silica gel (200-300 mesh, Fisher Scientific) using
solvents as indicated. '"H NMR and ">C NMR spectra were routinely recorded on a Bruker
ARX 400 spectrometer. The NMR solvent used was CDCIl; or DMSO-ds as indicated.
Tetramethylsilane (TMS) was used as the internal standard. Infrared spectra were
obtained on a Thermo Nicolet FT-IR with a Smart iTR attachment. Exact masses were
identified using a PerkinElmer AXION 2 TOF mass spectrometer. The purity of target
NLRPIs was determined by HPLC using Varian 100-5 C18 250 x 4.6 mm column with UV
detection (288 nm) (50%acetonitrile/50%H20/0.1% trifluoroacetic acid (TFA) and

80%methanol/% H,OH,0/0.1%TFA two solvent systems) to be = 95%.
3.2 Chemical Spectra
3.2.1 Phenyl Ring Analogs

2-phenethylisoindoline-1,3-dione (14). 2-phenylethanamine (10.00 g, 82.50
mmol) and phthalic anhydride 13 (15.30 g, 103.20 mmol) were added to 30 mL of acetic
acid and refluxed for 3 h. The solution was cooled to room temperature and was poured

into ice-water. The precipitant was then filtered off and purified by recrystallization in
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ethanol to give compound 14 (17.00 g, 83%) as a white powder. 'H NMR (400 MHz,
DMSO-ds) 6 7.84 - 7.81 (m, 4H), 7.27 - 7.16 (m, 5H), 3.82 (t, J = 7.36 Hz, 2H), 2.93 (t, J
=7.34 Hz, 2H); *C NMR (100 MHz, DMSO-ds) 5 167.6, 138.2, 134.4, 131.5, 128.6, 128.4

126.4, 122.3, 38.8, 33.6

4-(2-(1,3-dioxoisoindolin-2-yl)ethyl)benzenesulfonyl chloride (15).
Compound 14 (15.00 g, 59.74 mmol) was dissolved in dichloromethane (DCM) and
cooled to -20 ‘C. Chlorosulfonic acid (15 mL) was then added. The solution was allowed
to warm to room temperature. After warming to room temperature, the solution was
heated to 60 'C for 1h. The solution was cooled to room temperature and poured onto
crushed ice. The product was extracted into DCM, concentrated, and purified by column
chromatography (Hex/EtOAc: 3/1%) to give compound 15 (17.00 g, 82%), as a white
solid. "H NMR (400 MHz, DMSO-ds) & 7.83 - 7.82 (m, 4H), 7.49 (d, J = 7.55 Hz, 2H),
7.16 (d, J = 7.56 Hz, 2H), 3.81 (t, J = 7.16 Hz, 2H), 2.92 (t, J = 7.16 Hz, 2H); ">*C NMR

(100 MHz, DMSO-dg) 6 167.6, 146.1, 138.7, 134.4, 131.4, 127.9, 125.6, 123.0, 38.6, 33.4.

4-(2-(1,3-dioxoisoindolin-2-yl)ethyl)-N-methylbenzenesulfonamide (16).
Compound 15 (0.20 g, 0.52 mmol) was dissolved in DCM (10.00 mL). Methylamine HCI
(0.17 g, 2.60 mmol) and EtsN 0.36 mL (2.6 mmol) were added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was diluted with DCM
and H;O. The product was extracted into DCM, concentrated, and purified by column
chromatography (EtOAc/DCM: 20/80) to give compound 16 (0.17 g, 84%) as a white
solid. "H NMR (400 MHz, DMSO-d) & 7.83- 7.82 (m, 4H), 7.65 (d, J = 8.28 Hz, 2H), 7.44

(d, J = 8.24 Hz, 2H), 7.35 (q, J = 5.01 Hz, 1H), 3.86 (t, J = 7.12 Hz, 2H), 3.02 (t, J = 7.06
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Hz, 2H), 2.35 (d, J = 5.04 Hz, 3H); *C NMR (100 MHz, DMSO-ds) d 167.6, 143.2, 137.3,

134.4,131.4, 129.5, 126.8, 123.0, 38.4, 33.5, 28.5.

4-(2-aminoethyl)-N-methylbenzenesulfonamide (26). To a stirring solution of
compound 16 (2.00 g, 6.01 mmol) in EtOH (10.00 mL), NH2NH, (0.94 mL, 30.00 mmol)
was added dropwise. The solution was then heated to 60 °C and stirred for 12 h. The
precipitate was washed with hexanes. The filtrate was collected and concentrated under
reduced pressure to give a greenish oil. The crude product was then purified by column
chromatography (DCM/MeOH: 95/5% to DCM/MeOH/NH,OH: 95/5/1%) to give
compound 26 (1.01 g, 79%) as a viscous yellow oil. "H NMR (400 MHz, DMSO-ds) 5 7.69
(d, J=8.32 Hz, 2H), 7.43 (d, J = 8.32 Hz, 2H), 2.80 (t, J = 6.54 Hz, 2H), 2.72 (t, J = 6.60
Hz, 2H), 2.40 (s, 3H); *C NMR (100 MHz, DMSO-ds) 3 145.5, 136.8, 129.3, 126.6, 43.1,

39.4, 28.6.

3-chloro-N-(4-(N-methylsulfamoyl)phenethyl)benzamide (4). 3-Chlorobenzoic
acid 17 (0.073 g, 0.47 mmol) and EtsN (0.099 mL, 0.93 mmol) were dissolved in DCM
(4.00 mL) and cooled to 0 °C. N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (EDC) (0.13 g, 0.70 mmol) was added, and after 30 minutes,
Hydroxybenzotriazole (HOBt) (0.095 g, 0.70 mmol) was added. After 1 h, compound 26,
(0.100 g 0.47 mmol) was added to the mixture, and the reaction was allowed to warm to
room temperature overnight. The solution was concentrated under reduced pressure and
H,O was added. The solution was extracted with DCM and the combined organic phase
was concentrated and purified by column chromatography (EtOAc/DCM 10/90%) to give
compound 4 (0.150 g, 91%) as a white powder. 'H NMR (400 MHz, DMSO-ds) d 8.69 (t,

J= 5.44 Hz, 1H), 7.83 (t, J = 1.76 Hz, 1H), 7.76 (dt, J = 7.80, 1.35 Hz, 1H), 7.70 (d, J =
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8.28 Hz, 2H), 7.61- 7.59 (m, 1H), 7.52 - 7.46 (m, 4H), 3.53 (q, J = 6.64 Hz, 2H), 2.95 (t, J
=7.16 Hz, 2H), 2.39 (d, J = 5.04 Hz, 3H); ">*C NMR (100 MHz, DMSO-ds) 5 164.8, 144.3,
137.2, 136.5, 133.1, 130.9, 130.8, 129.4, 126.9, 126.7, 125.8, 40.4, 34.6, 28.6; HRMS

(m/z) (M+Na)’: calcd. for C16H17CIN2O3S 375.0648, found 375.0440

2-methoxy-N-(4-(N-methylsulfamoyl)phenethyl)benzamide (5). 2-
Methoxybenzoic acid 18 (0.071 g, 0.47 mmol) and Et;N (0.099 mL, 0.93 mmol) were
dissolved in DCM (4.00 mL) and cooled to 0 °C. EDC (0.13 g, 0.70 mmol) was added,
and after 30 min, HOBt (0.095 g, 0.70 mmol) was added. After 1 h, compound 26, (0.100
g, 0.47 mmol) was added to the mixture, and the reaction was allowed to warm to room
temperature overnight. The solution was concentrated under reduced pressure and H,O
was added. The solution was extracted with DCM, and the combined organic phase was
concentrated and purified by column chromatography (EtOAc/DCM 10/90%) to give
compound 5 (0.106 g, 65%) as a white powder. 'H NMR (400 MHz, DMSO-ds) 5 8.18 (t,
J=5.58 Hz, 1H), 7.70 - 7.74 (m, 3H), 7.50 (d, J = 8.38 Hz, 2H), 7.45 (dt, J = 2.01, 7.91 Hz
1H), 7.38 (q, J = 5.03 Hz, 1H), 7.11 (d, J = 8.20 Hz, 1H), 7.02 (dt, J = 7.57, 0.78 Hz, 1H),
3.81 (s, 3H), 3.57 (q, J = 6.60 Hz, 2H), 2.94 (t, J= 7.02 Hz, 2H), 2.41 (d, J = 5.04 Hz, 3H);
3C NMR (100 MHz, DMSO-ds) & 164.9, 156.9 144.4, 137.2, 132.1, 130.3, 129.5, 126.7,
123.0, 120.0, 111.9, 55.8, 40.1, 34.7, 28.6; HRMS (m/z) (M+Na): calcd. for C17H20N204S

371.1144, found 371.0925

N-(4-(N-methylsulfamoyl)phenethyl)benzamide (6). Benzoic acid 19 (0.057 g,
0.47 mmol) and Et3N (0.099 mL, 0.93 mmol) were dissolved in DCM (4.00 mL) and cooled
to 0 °C. EDC 0.13g (0.70 mmol) was added, and after 30 min, HOBt (0.095 g, 0.70 mmol)

was added. After 1 h, 4-(2-aminoethyl)-N-methylbenzenesulfonamide, compound 26,
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(0.100 g, 0.47 mmol) was added to the mixture, and the reaction was allowed to warm to
room temperature overnight. The solution was concentrated under reduced pressure and
H,O was added. The solution was extracted with EtOAc, and the combined organic phase
was concentrated and purified by column chromatography (EtOAc/DCM 20/80%) to give
compound 6 (0.83 mg, 56%) as a white powder. 'H NMR (400 MHz, DMSO-ds) 5 8.61
(t, J=5.46 Hz, 1H), 7.85 (d, J = 8.00 Hz, 2H), 7.75 (d, J = 8.00 Hz, 2H), 7.59 - 7.48 (m,
5H), 7.41 (q, J = 5.01 Hz, 1H), 3.59 (q, J = 6.68 Hz, 2H), 3.00 (t, J = 7.20 Hz, 2H), 2.44
(d, J = 5.04 Hz, 3H); *C NMR (100 MHz, DMSO-ds) d 164.2, 144.5, 137.1, 134.5, 131.0,
129.4, 128.2, 127.0, 126.7, 40.3, 34.8, 28.6; HRMS (m/z) (M+Na): calcd. for

C16H18N203SI 341 1038, found 341.0830

5-chloro-2-hydroxy-N-(4-(N-methylsulfamoyl)phenethyl)benzamide (7). 5-
chlorosalicylic acid 20 (0.080 g, 0.47 mmol) and EtsN (0.099 mL, 0.93 mmol) were
dissolved in DCM (4.00 mL) and cooled to 0 °C. EDC (0.13 g, .70 mmol) was added.
After 30 min, HOBt 0.095g (0.70 mmol) was added. After 1 h, compound 26, (0.10 g,
0.47 mmol) was added to the mixture, and the reaction was allowed to warm to room
temperature overnight. The solution was concentrated under reduced pressure and H,O
was added. The solution was extracted with DCM, and the combined organic phases
were concentrated and purified by column chromatography (EtOAc/DCM 10/90%) to give
compound 7 (0.40 g, 22%) as a white powder. '"H NMR (400 MHz, DMSO-ds) 5 8.94 (t,
J=5.46 Hz, 1H), 7.71 (d, J = 8.28 Hz, 2H), 7.48 (d, J = 8.28 Hz, 2H), 7.42 (dd, J = 9.03,
2.69 Hz, 1H), 7.37 (q, J = 5.03 Hz, 1H), 6.93 (d, J = 8.84 Hz, 1H), 3.58 (q, J = 6.64 Hz,

2H), 2.96 (t, J = 7.14 Hz, 2H), 2.39 (d, J = 5.04 Hz, 3H); ">*C NMR (100 MHz, DMSO-ds)
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0 167.4,158.4 144.1,137.2,133.2, 129.4, 127.3, 126.8, 122.9, 119.3, 116.9, 40.1, 34.5,

28.6; HRMS (m/z) (M+Na)": calcd. for Cz2H22N2NaOs: 391.0598, found 391.037.

3-chloro-2-methoxy-N-(4-(N-methylsulfamoyl)phenethyl)benzamide (8). 3-
Chloro-2-methoxybenzoic acid 21 (0.050 g, 0.27 mmol) and EtsN (0.056 mL, 0.54 mmol)
were dissolved in DCM (4.00 mL) and cooled to 0 °C. (EDC 0.077g, 0.40 mmol) was
added. After 30 min, HOBt (0.054 g, 0.40 mmol) was added. After 1 h, compound 26,
(0.057g, 0.27 mmol) was added to the mixture, and the reaction was allowed to warm to
room temperature overnight. The solution was concentrated under reduced pressure and
H,O was added. The solution was extracted with DCM, and the combined organic phases
were concentrated and purified by column chromatography (EtOAc/DCM 20/80%) to give
compound 8 (0.040 g, 40%) as a white powder. 'H NMR (400 MHz, DMSO-ds) d 8.46 (t,
J=5.48 Hz, 1H), 7.77 (d, J = 8.24 Hz, 2H), 7.62 (dd, J = 1.53, 8.16 Hz, 1H), 7.56 (d, J =
8.24 Hz, 2H), 7.40 - 7.44 (m, 2H), 7.24 (t, J=7.84 Hz, 1H), 3.73 (s, 3H), 3.61 (q, J=6.59
Hz, 2H), 3.01 (t, J = 7.04 Hz, 2H), 2.46 (d, J = 5.04 Hz, 3H); "*C NMR (100 MHz, DMSO-
ds) 0 165.1, 152.8, 144.3, 137.2, 132.1, 131.7, 129.4, 128.2, 127.1, 126.7, 125.0, 61.5,

34.5, 28.6; HRMS (m/z) (M+Na)": calcd. for C417H19CIN2O4S: 405.0754, found 405.0508

4-chloro-2-methoxy-N-(4-((methylamino)sulfinyl)phenethyl)benzamide (9).
4-Chloro-2-methoxybenzoic acid 22 (0.10 g, 0.54 mmol) and Et3N (0.11 mL, 1.07 mmol)
were dissolved in DCM (5.00 mL) and cooled to 0 °C. EDC (0.15 g, 0.80 mmol) was
added. After 30 min, HOBt (0.11g 0.80 mmol) was added. After 1 h, compound 26 (0.12
g, 0.54 mmol) was added to the mixture, and the reaction was allowed to warm to room
temperature overnight. The solution was concentrated under reduced pressure, and H,O

was added. The solution was extracted in DCM, and the combined organic phases were
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concentrated and purified by column chromatography (EtOAc/DCM 20/80%) to give
compound 9 (0.13 g, 60%) as a white powder. 'H NMR (400 MHz, DMSO-ds)  8.22 (t,
J =5.58 Hz, 1H), 7.77 (d, J = 8.33 Hz, 2H), 7.74 (d, J = 8.32 Hz, 1H), 7.53 (d, J = 8.32
Hz, 2H), 7.42 (q, J = 4.84 Hz, 1H), 7.25 (d, J = 1.88 Hz, 1H), 7.13 (dd, J = 8.34, 1.95 Hz,
1H), 3.88 (s, 3H), 3.60 (q, J = 6.95 Hz, 2H), 2.98 (t, J = 6.97 Hz, 2H), 2.45 (d, J = 4.88
Hz, 3H); "*C NMR (100 MHz, DMSO-ds) 5 164.0, 157.6, 144.4,137.2, 136.3, 131.7, 129.4,
126.7, 122.1, 120.5, 112.5, 56.3, 40.1, 34.7 28.6; HRMS (m/z) (M+Na): calcd. for

C17H19CIN204S: 405.0754, found 405.0515.

2-chloro-6-methoxy-N-(4-((methylamino)sulfinyl)phenethyl)benzamide (10).
2-Chloro-6-methoxybenzoic acid 23 (0.10 g, 0.54 mmol) and Et3N (0.11 mL, 1.07 mmol)
were dissolved in DCM (4.00 mL) and cooled to 0 °C. EDC (0.15 g, 0.80 mmol) was
added. After 30 min, HOBt (0.11 g, 0.80 mmol) was added. After 1 h, compound 26, (0.12
g, 0.54 mmol) was added to the mixture, and the reaction was allowed to warm to room
temperature overnight. The solution was concentrated under reduced pressure, and H,O
was added. The solution was extracted in DCM, and the combined organic phases were
concentrated and purified by column chromatography (EtOAc/DCM 20/80%) to give
compound 10 (0.13 g, 62%) as a white powder. 'H NMR (400 MHz, DMSO-ds) d 8.49 (t,
J=5.05Hz, 1H), 7.70 (d, J = 8.32 Hz, 2H), 7.50 (d, J = 8.32 Hz, 2H), 7.31-7.39 (m, 2H),
7.01-7.04 (m, 2H), 3.75 (s, 3H), 3.49(q, J=7.01 Hz, 2H), 2.91 (t, J=7.01 Hz, 2H) 2.41
(d, J = 5.04 Hz, 3H); "*C NMR (100 MHz, DMSO-ds) 5 163.9, 156.9, 144.3, 137.1, 130.4,
129.5, 127.2, 126.6, 120.9, 110.3, 56.0, 34.5, 28.6; HRMS (m/z) (M+Na): calcd. for

C17H19CIN204S: 405.0754, found 405.0515.
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3-chloro-5-methoxy-N-(4-(N-methylsulfamoyl)phenethyl)benzamide (11). 3-
Chloro-5-methoxybenzoic acid 24 (0.10 g, 0.36 mmol) and EtzN (0.11 mL, 1.07 mmol)
were dissolved in DCM (4.00 mL) and cooled to 0 °C. EDC (0.15 g, 0.80 mmol) was
added After 30 min, HOBt (0.11g, 0.80 mmol) was added. After 1 h, compound 26 (0.12
g, 0.55 mmol) was added to the mixture, and the reaction was allowed to warm to room
temperature overnight. The solution was concentrated under reduced pressure, and H,O
was added. The solution was extracted with DCM, and the combined organic phases
were concentrated and purified by column chromatography (EtOAc/DCM 20/80%) to give
compound 11 (0.15 g, 70%) as a white powder. 'H NMR (400 MHz, DMSO-ds) 5 8.66 (t,
J=5.48 Hz, 1H), 7.70 (d, J = 8.33 Hz, 2H), 7.46 (d, J = 8.33 Hz, 2H), 7.42 - 7.41 (m, 1H),
7.36 (q, J =5.03 Hz, 1H), 7.34 - 7.32 (m, 1H), 7.19 - 7.18 (m, 1H), 3.82 (s, 3H), 3.53 (q,
J=6.64 Hz, 2H), 2.94 (t, J = 7.14 Hz, 2H), 2.40 (d, J = 5.04 Hz, 3H); *C NMR (100 MHz,
DMSO-ds) 6 164.6, 160.1, 144.3, 137.3, 137.2, 133.8, 129.4, 126.7, 119.1, 111.9, 55.81,
40.4, 34.6, 28.6; HRMS (m/z) (M+Na): calcd. for C17H19CIN2O4S 405.0754, found

405.0509.

3-chloro-4-methoxy-N-(4-(N-methylsulfamoyl)phenethyl)benzamide (12). 3-
chloro-4-methoxybenzoic acid 25 (0.10 g, 0.36 mmol) and Et;N (0.11 mL, 1.07 mmol)
were dissolved in DCM (4.00 mL) and cooled to 0 °C. EDC (0.15 g, 0.80 mmol) was
added. After 30 min, HOBt (0.11g, 0.80 mmol) was added. After 1 h, compound 26 (0.12
g, 0.55 mmol), was added to the mixture, and the reaction was allowed to warm to room
temperature overnight. The solution was concentrated under reduced pressure and H,O
was added. The solution was extracted with DCM, and the combined organic phases

were concentrated and purified by column chromatography (EtOAc/DCM 20/80%) to give
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compound 12 (0.168 g, 84%) as a white solid. "H NMR (400 MHz, DMSO-ds) 5 8.59 (t, J
= 5.46 Hz, 1H), 7.94 (d, J = 2.24 Hz, 1H), 7.85 (dd, J = 2.24, 8.71 Hz, 1H), 7.75 (d, J =
8.29 Hz, 2H), 7.51 (d, J = 8.28 Hz, 2H), 7.40 (q, J = 5.06 Hz, 1H), 7.27 (d, J = 8.72 Hz,
1H), 3.96 (s, 3H), 3.56 (q, J = 7.06 Hz, 2H), 2.98 (t, J = 7.06 Hz, 2H), 2.44 (d, J = 5.06
Hz, 3H); "*C NMR (100 MHz, DMSO-ds) 5 164.5, 156.7, 144.4,137.2,129.4, 128.7, 1277,
127.5, 126.7, 120.8, 112.3, 56.4, 40.3, 34.8, 28.6.; H RMS (m/z) (M+Na): calcd. for

C17H19CIN204S: 405.0754, found 405.0526.
3.2.2 Amide Domain Analogs

3-chloro-6-methoxyphthalic acid (28). To a stirring solution of 5-chloro-2-
methoxybenzoic acid 27 (0.50 g, 2.70 mmol) and N,N,N',N'-tetramethylethyl-enediamine
(0.80 mL, 5.36 mmol) in dry THF (5.00 mL) at -78 °C were added 0.93 M sec-butyllithium
in hexanes (0.45 mL) dropwise. The reaction was stirred for 30 min and then poured onto
solid CO,. The reaction was stirred for 1 h and then concentrated under reduced
pressure. The crude product was purified by column chromatography (EtOAc/DCM
50/50%) to give compound 28 (0.23 g, 37%) as a white solid. '"H NMR (400 MHz, DMSO-
ds) O 7.54 (d, J = 8.96 Hz, 1H), 7.20 (d, J = 9.04 Hz, 1H), 4.10 (s, 3H); "*C NMR (100

MHz, DMSO-dg) & 166.2, 166.1, 133.1, 131.8, 129.7, 123.8, 120.7, 114.6, 56.4

4-chloro-7-methoxyisobenzofuran-1,3-dione (29). Compound 28 (0.23 g, 0.97
mmol) was heated to 190 “C for 10 minutes. Upon cooling, the crude product was purified
by column chromatography (EtOAc/Hexanes: 50/50%) to give compound 29 (0.21 mg,
96%) as a white solid. 'H NMR (400 MHz, DMSO-dg) & 7.54 (d, J = 8.96 Hz, 1H), 7.20
(d, J = 9.04 Hz, 1H), 4.10 (s, 3H); "*C NMR (100 MHz, DMSO-ds) 5 160.4, 159.4, 156.5,

139.2, 128.8, 121.5, 121.4, 118.3, 57.0
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4-(2-(4-chloro-7-methoxy-1,3-dioxoisoindolin-2-yl)ethyl)-N-
methylbenzenesulfonamide (30). Compound 26 (0.120 g, 0.56 mmol) and 29 (0.10 g,
0.47 mmol) were added to 5 mL of acetic acid, and refluxed for 3h. The solution was
cooled to room temperature and was poured into ice-water. The precipitant was then
filtered off and purified by column chromatography (DCM/MeOH: 97/3%) to give
compound 30 (0.15 g, 80%) as a white solid. '"H NMR (400 MHz, DMSO-ds) d, 7.76 (d, J
= 8.96 Hz, 1H), 7.67 (d, J = 8.28 Hz, 2H), 7.47 (d, J = 9.08 Hz, 1H), 7.43 (d, J = 8.28 Hz,
2H), 7.35 (q, J = 5.08 Hz, 1H), 3.93 (s, 3H), 3.56 (t, J= 7.18 Hz, 2H), 2.98 (t, J=7.18 Hz,
2H), 2.35 (d, J = 5.04 Hz, 3H); *C NMR (100 MHz, DMSO-ds) & 164.8, 164.4, 155.2,
143.2,137.5,137.3,129.5, 128.2, 126.8, 120.6, 120.2, 118.2, 56.6, 54.9, 38.3, 33.4, 28.5;

H RMS (m/z) (M+Na): calcd. for C17H19CIN,O4S: 431.0444, found 431.0693.

5-chloro-N,N-diethyl-2-methoxybenzamide (31). Over a period of 30 minutes, a
2M solution of oxalyl chloride in DCM was added dropwise to a solution of 27 (1.00 g,
5.38 mmol) in dry DCM (37.5 mL) and THF (0.125 mL). The reaction was then stirred for
2h. Completion was confirmed by TLC and the solution was concentrated under pressure
to afford a white solid. The solid was dissolved in DCM (25.00 mL), and diethylamine
(0.56 mL , 5.35 mmol) was then added. The reaction was then stirred for 16h. The crude
reaction mixture was concentrated under reduced pressure. The product was purified by
column chromatography (EtOAc/Hexanes: 35/65%) yielding compound 31 as a clear solid
(0.49 g, 38%) . "H NMR (400 MHz, DMSO-d6) & 7.42 (dd, J = 8.95, 2.69 Hz, 1H), 7.19 (d,
J=2.64 Hz, 1H), 7.11 (d, J = 8.88 Hz, 1H), 3.78 (s, 3H), 3.42 (q, J = 3.27 Hz, 2H), 3.06

(q, J = 3.53 Hz, 2H), 1.13 (t, J = 7.08 Hz, 3H), 0.98 (t, J = 7.10 Hz, 3H); *C NMR (100
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MHz, DMSO-d6) & 165.7, 153.7, 129.4, 128.6, 126.7, 124.3, 113.4, 55.9, 42.2, 38.3, 13.8,

12.7.

3-chloro-N,N-diethyl-2-formyl-6-methoxybenzamide (32). To a stirring solution
of compound 31 (0.25 g, 1.02 mmol) and N,N,N',N'-tetramethylethyl- enediamine (0.12 g,
1.02 mmol), indry THF (2.50 mL) at-78 °C, was added 0.93 M sec-butyllithium in hexanes
(1.28 mL) dropwise. The reaction was stirred for 30 minutes, and then DMF (0.25 mL)
was added. The reaction was stirred for 1 h and then quenched with 1 M HCI (15 mL).
The reaction was extracted with EtOAc. The organic layers were combined, dried over
Na,SO4, and concentrated under reduced pressure to give a yellow oil. The product was
purified by column chromatography (EtOAc/Hexanes: 25/75%) yielding compound 32 as
a clear solid (0.22 g, 80%). "H NMR (400 MHz, DMSO-ds) & 10.27 (s, 1H), 7.61 (d, J =
8.88 Hz, 1H), 7.42 (d, J = 8.96 Hz, 1H), 3.82 (s, 3H), 3.55 (q, J = 7.39 Hz, 2H), 3.00 (q, J
= 7.14 Hz, 2H), 1.16 (t, J = 7.08 Hz, 3H), 0.93 (t, J = 7.14 Hz, 3H); ">*C NMR (100 MHz,
DMSO-ds) & 189.9, 164.2, 154.3, 131.3, 129.1, 128.6, 127.2, 118.4, 58.01, 56.3, 41.9,

13.3, 12.0; H RMS (m/z) (M+Na)": calcd. for C13H16CINO3: 292.0716, found 292.0749.

4-chloro-3-hydroxy-7-methoxyisobenzofuran-1(3H)-one (33). A stirring
solution of compound 32 (1.40 g, 5.11 mmol) in 6M HCI (70 mL) was heated to 100 °C
and stirred overnight. The reaction was cooled to room temperature and extracted with
EtOAc. The organic layers were combined and dried over Na,SO4. The crude reaction
mixture was concentrated under reduced pressure to give a yellow oil. The product was
purified by column chromatography (EtOAc/Hexanes: 50/50%) yielding compound 33 as
an off-white solid (1.20 g, 85%). 'H NMR (400 MHz, DMSO-d¢) & 8.11 (d, J = 8.72 Hz,

1H), 7.76 (d, J = 8.76 Hz, 1H), 7.24 (d, J = 8.76 Hz, 1H), 6.54 (d, J = 8.68 Hz, 1H), 3.92
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(s, 3H); 13C NMR (100 MHz, DMSO-ds) & 164.9, 156.5, 145.9, 136.7, 119.2, 115.2, 95.6,

71.0, 58.01; H RMS (m/z) (M+Na)’: calcd. for CoH7ClO4: 236.9931, found 236.9939.

4-(2-(4-chloro-7-methoxy-1-oxoisoindolin-2-yl)ethyl)-N-
methylbenzenesulfonamide (34). Compound (33) (0.094 g, 0.44 mmol) was dissolved
in a solution of 10% acetic acid (0.50 mL) and 1,2-dichloroethane (DCE) (4.50 mL). To
this solution, compound 26 (0.11 g 0.52 mmol) was added. The solution was allowed to
stir for 1h. The reaction was then cooled to 0°C, and (0.14 g, 0.65 mmol) of sodium
triacetoxyborohydride was added. The reaction was then warmed to 50 ‘C and
maintained for 12h. The reaction was cooled to room temperature and diluted with brine.
The product was extracted with EtOAc. The organic layers were combined and dried over
Na,SO4, The crude reaction mixture was concentrated under reduced pressure to give a
yellow solid. The product was purified by column chromatography (EtOAc/Hexanes:
50/50%) yielding compound 34 as an off-white solid (0.065 g, 38%) ."H NMR (400 MHz,
DMSO-ds) 6 7.69 (d, J = 8.16 Hz, 2H), 7.57 (d, J = 8.76 Hz, 2H), 7.50 (d, J = 8.16 Hz,
2H), 7.37 (q, J = 5.28 Hz, 1H), 7.08 (d, J = 8.72 Hz, 1H), 4.32 (s, 2H), 3.85 (s, 3H), 3.76
(t, J = 7.20 Hz, 2H), 3.51 (t, J = 7.16 Hz, 2H), 2.38 (d, J = 5.00 Hz, 3H); *C NMR (100
MHz, DMSO-ds) & 164.9, 155.7, 144.0, 141.6, 137.2, 132.4, 129.4, 126.8, 121.0, 118.9,
113.1, 56.0, 48.2, 42.6, 34.5. 28.6; H RMS (m/z) (M+Na)": calcd. for C1gH19CIN204S:

417.0652, found 417.0808.
3.2.3 Linker Domain Analogs

5-chloro-2-methoxy-N-(3-phenylpropyl)benzamide (37). Compound 27 (1.00 g,
5.35 mmol) and EtsN (0.562 mL, 10.70 mmol) were dissolved in DCM (25.00 mL) and

cooled to 0 ‘C. EDC (1.54 g, 8.04 mmol) was added. After 30 min, HOBt (1.09g, 8.04
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mmol) was added. After 1 h, 3-phenylpropylamine 35 (0.76 mL, 5.36 mmol) was added
to the mixture, and the reaction was allowed to warm to room temperature overnight. The
solution was concentrated under reduced pressure and H,O was added. The solution
was extracted with DCM. The combined organic phases were concentrated and purified
by column chromatography (EtOAc/Hexane 20/80%) to give compound 37 as a viscous
oil (0.97 g, 59.3%). 'H NMR (400 MHz, DMSO-ds) 5 8.26 (t, J = 5.28 Hz, 1H), 7.63 (d, J
= 2.80 Hz, 1H), 7.51 (dd, J = 8.92, 2.91 Hz, 1H), 7.32 - 7.16 (m, 6H), 3.88 (s, 3H), 3.28
(q, J = 6.62 Hz, 2H), 2.64 (t, J = 7.68 Hz, 2H), 1.82 (quin, J = 7.37 Hz, 2H); "*C NMR (100
MHz, DMSO-ds) 6 163.4, 155.7, 139.4, 131.5, 129.6, 128.7, 128.3, 126.1, 124.7, 124.3,

114.1, 56.2, 40.7, 34.9.

4-(3-(5-chloro-2-methoxybenzamido)propyl)benzenesulfonyl chloride (39).
Compound 37 (0.97 g, 3.18 mmol) was dissolved in DCM (2.00 mL). To this solution,
excess chlorosulfonic acid (1.00 mL) was added, and the solution was stirred at 70 °C for
2 h. The reaction was cooled to room temperature and poured over crushed ice. The
product was extracted into DCM and concentrated under reduced pressure. The product
was purified by column chromatography (EtOAc/Hexanes: 20/80% to 50/50%) yielding
compound 39 as a white solid (0.68 g, 52.9%). 'H NMR (400 MHz, DMSO-ds) d 8.26 (t,
J=5.46 Hz, 1H), 7.63 (d, J = 2.80 Hz, 1H), 7.54 (d, J = 8.12 Hz, 2H), 7.48 (dd, J = 8.91,
2.92 Hz, 1H), 7.19 (d, J = 8.16 Hz, 2H), 7.16 (d, J = 8.92 Hz, 1H), 3.87 (s, 3H), 3.27 (q, J
= 6.56 Hz, 2H), 2.63 (t, J = 7.66 Hz, 2H), 1.80 (quin, J = 7.34 Hz, 2H); "*C NMR (100
MHz, DMSO-ds) 6 163.8, 155.6, 145.4, 142.3, 131.2, 129.3, 127.6, 125.6, 125.5, 124.24,

114.1, 56.3, 38.7, 32.6, 30.7.
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5-chloro-2-methoxy-N-(3-(4-(N-methylsulfamoyl)phenyl)propyl)benzamide
(41). Compound 39 (0.15 g, 0.37 mmol) was dissolved in DCM (5.00 mL). Methylamine
HCI (0.13 g, 0.19 mmol) and EtsN (0.26 mL, 0.19 mmol) were added to the reaction, and
the solution was stirred overnight at room temperature. The product was extracted into
DCM, concentrated, and purified by column chromatography (DCM/MeOH: 98/2%) to
give compound 41 (100 mg, 72%) as a white solid. "H NMR (400 MHz, DMSO-ds) 5 8.29
(t, J = 5.30 Hz, 1H), 7.70 (d, J = 8.28 Hz, 2H), 7.64 (d, J = 2.76 Hz, 1H), 7.51 (dd, J =
9.91, 2.91 Hz, 1H), 7.47 (d, J = 8.24 Hz, 2H), 7.37 (q, J = 5.01 Hz, 1H), 7.17 (d, J = 8.88
Hz, 1H), 3.88 (s, 3H), 3.28 (q, J = 6.18 Hz, 2H), 2.73 (t, J = 7.66 Hz, 2H), 2.40 (t, J = 5.04
Hz, 3H), 1.85 (quin, J = 7.32 Hz, 2H); *C NMR (100 MHz, DMSO-ds) & 163.8, 155.6,
146.7, 136.8, 131.2, 129.3, 129.0 125.7, 125.5, 124.2, 114.1, 56.3, 38.7, 32.3, 30.3 28.6;

HRMS (m/z) (M+Na)": calcd. for C1gH21CIN204S: 419.0911, found 419.1197.

5-chloro-2-methoxy-N-(4-phenylbutyl)benzamide (38). Compound 27 (1.00 g,
5.35 mmol) and EtsN (0.56 mL, 10.70 mmol) were dissolved in DCM (25.00 mL) and
cooled to 0 °C. EDC (1.54g, 8.04 mmol) was added. After 30 min, HOBt (1.09 g, 8.04
mmol) was added. After 1 h, 4-phenylbutylamine 36 (0.89 mL, 5.35 mmol) was added to
the mixture, and the reaction was allowed to warm to room temperature overnight. The
solution was concentrated under reduced pressure, and H,O was added. The solution
was extracted with DCM, and the combined organic phases were concentrated and
purified by column chromatography (EtOAc/Hexane 50/50%) to give compound 38 as a
viscous oil (1.25 g, 73%). 'H NMR (400 MHz, DMSO-ds) 8 8.07 (d, J = 5.73 Hz, 1H), 7.46
(d, J =2.82 Hz, 1H), 7.33 (dd, J = 9.29, 3.00 Hz, 1H), 7.13 - 6.97 (m, 6H), 3.68 (s, 3H),

3.12 (q, J = 6.67 Hz, 2H), 2.46 (t, J = 7.73 Hz, 2H), 1.53 - 1.33 (m, 4H)"*C NMR (100
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MHz, DMSO-ds) 6 164.1, 156.1, 142.7, 131.7, 129.8, 128.8, 128.7, 126.2, 126.1, 126.0,

124.7, 114.5, 56.7, 39.3, 35.3, 29.2, 28.9.

4-(4-(5-chloro-2-methoxybenzamido)butyl)benzenesulfonyl chloride (40).
Compound 40 (1.25 g, 3.10 mmol) was dissolved in DCM (2.00 mL). To this solution,
excess chlorosulfonic acid (1.25 mL) was added, and the solution was stirred at 70 °C for
2 h. The reaction was cooled to room temperature and poured over crushed ice. The
product was extracted into DCM and then concentrated under reduced pressure. The
product was purified by column chromatography (EtOAc/Hexanes: 20/80% to 50/50%)
yielding compound 40 as a white solid (0.49 g, 38%). 'H NMR (400 MHz, DMSO-ds) &
8.21 (t, J =5.54 Hz, 1H), 7.61 (d, J = 2.80 Hz, 1H), 7.52 (d, J = 8.08 Hz, 2H), 7.48 (dd, J
=8.90, 2.80 Hz, 1H), 7.17 - 7.13 (m, 3H), 3.84 (s, 3H), 3.27 (q, J = 6.47 Hz, 2H), 2.61 (t,
J = 7.40 Hz, 2H), 1.64 - 1.48 (m, 4H),; "*C NMR (100 MHz, DMSO-ds) 5 163.7, 155.7,

145.4,142.7,131.2, 129.3, 127.5, 125.5, 124.4, 114.1, 56.3, 38.8, 34.4, 28.5, 28.2.

5-chloro-2-methoxy-N-(4-(4-(N-methylsulfamoyl)phenyl)butyl)benzamide
(42). Compound 40 (0.15 g, 0.36 mmol) was dissolved in DCM (2.00 mL). Methylamine
HCI (0.12 g, 0.18 mmol) and Et3N (0.25 mL, 0.18 mmol) were then added to the reaction,
and the solution was stirred overnight at room temperature. The product was extracted
into DCM, concentrated, and purified by column chromatography (DCM/MeOH: 98/2%)
to give compound 42 (0.12 g, 84%) as a white solid. "H NMR (400 MHz, DMSO-ds) &
8.24 (t, J =5.54 Hz, 1H), 7.70 (d, J = 8.24 Hz, 2H), 7.62 (d, J = 2.76 Hz, 1H), 7.50 (dd, J
=8.66, 2.62 Hz, 1H), 7.45 (d, J=8.20 Hz, 2H), 7.35 (q, J = 5.05 Hz, 1H), 7.16 (d, J = 8.88
Hz, 1H), 3.85 (s, 3H), 3.29 (q, J = 6.67 Hz, 2H), 2.71 (t, J= 7.50 Hz, 2H), 2.40 (d, J = 5.04

Hz, 3H), 1.65 (quin, J =8.15 Hz, 2H), 1.54 (quin, J =7.06 Hz, 2H); *C NMR (100 MHz,
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DMSO-ds) 6 163.7, 155.6, 147.2, 136.7, 131.2, 129.3, 129.0, 126.7, 125.5, 124.3, 114.1,
56.3, 38.8, 34.5, 28.7, 28.6, 27.9; HRMS (m/z) (M+Na)": calcd. for C19H23CIN2O4S

433.1067, found 433.1063.
3.2.4 Isosteric replacement of the sulfonamide group

Methyl 4-(2-aminoethyl)benzoate (46). Thionyl chloride (0.50 mL, 6.69 mmol)
was added dropwise to a solution of 4-(2-aminoethyl)benzoic acid hydrochloride 45 (0.15
g, 0.074 mmol) in methanol (8mL) at 0 °C. The reaction was allowed to warm to room
temperature overnight. The crude product was purified by recrystallization to give a white
solid 46 (0.18 mg, 41%). "H NMR (400 MHz, DMSO-ds) 5 7.94 (d, J = 8.53 Hz, 2H), 7.44
(d, J = 8.22 Hz, 2H), 3.86 (s, 3H), 3.13 — 2.97 (m, 4H); "*C NMR (100 MHz, DMSO-ds) &

166.1, 143.1, 143.0, 129.9, 129.1, 128.2, 128.1, 52.0, 32.9, 32.8.

Methyl 4-(2-(5-chloro-2-methoxybenzamido)ethyl)benzoate (47). Compound
27 (0.21 g, 1.12 mmol) and Et3N (0.23 mL, 2.23 mmol) were dissolved in DCM (4 mL)
and cooled to 0 °C. EDC (0.32 g, 1.68 mmol) was added. After 30 min, HOBt (0.26 g,
1.68 mmol) was added. After 1 h, compound 46 (0.12 g, 0.55 mmol), was added to the
mixture, and the reaction was allowed to warm to room temperature overnight. The
solution was concentrated under reduced pressure, and H,O was added. The solution
was extracted with DCM, and the combined organic phases were concentrated and
purified by column chromatography (EtOAc/DCM 20/80%) to give compound 47 (0.24 g,
60%) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 8.26 (t, J = 5.40 Hz, 1H), 7.92 (d,
J=8.12 Hz, 2H), 7.63 (d, J = 2.76 Hz, 1H), 7.50 (dd, J = 9.20, 2.93 Hz, 1H), 7.43 (d, J =
8.16 Hz, 2H), 7.16 (d, J = 8.88 Hz, 1H), 3.85 (s, 3H), 3.69 (s, 3H), 3.59 (q, J = 6.63 Hz,

2H), 2.93 (t, J = 7.08 Hz, 2H); *C NMR (100 MHz, DMSO-ds) 5 166.2, 163.6, 155.7,
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145.3, 131.4, 129.5, 129.2, 129.1, 127.7, 124.4, 1141, 58.0, 56.2, 51.9, 40.2, 34.8;

HRMS (m/z) (M+Na): calcd. for C13H1sCINO4S 370.0822, found 370.1261.

4-(2-(5-chloro-2-methoxybenzamido)ethyl)benzoic acid (44). Compound 47
was dissolved in acetone (7.20 mL). Dropwise, a solution of concentrated HCI (2.40 mL)
and deionized H,0O (4.80 mL) were added. The reaction was heated to reflux overnight,
in the presence of a CaCl, drying tube. The solution was concentrated under reduced
pressure and washed with hexanes. The crude product was purified by column
chromatography (DCM/MeOH: 98/2%) to give compound 44 (0.15 g, 65%) as a white
solid. "H NMR (400 MHz, DMSO-ds) 8 12.79 (b.s., 1H), 8.25 (t, J = 5.67 Hz, 1H), 7.90 (d,
J =8.20 Hz, 2H), 7.63 (d, J = 2.80 Hz, 1H), 7.50 (dd, J = 8.86, 2.97 Hz, 1H), 7.39 (d, J =
8.16 Hz, 2H), 7.16 (d, J = 8.92 Hz, 1H), 3.82 (s, 3H), 3.55 (q, J = 6.64 Hz, 2H), 2.92 (t, J
= 7.08 Hz, 2H); *C NMR (100 MHz, DMSO-ds) & 167.20, 163.6, 155.7, 144.7, 131.4,
129.5, 129.4, 128.8, 124.9, 124.3, 114.2, 56.2, 34.8. ">*C NMR (100 MHz, DMSO-ds) 5
163.6, 155.7, 144.2,138.7, 137.6, 131.5, 129.5, 129.4, 128.2, 127.5, 127.1, 126.6, 124.9,
124.4, 114.2, 56.3, 46.1, 34.6; HRMS (m/z) (M+Na)": calcd. for C43H1sCINO4S 466.0666,

found 466.0661.
3.2.5 Sulfonamide Domain Analogs

5-chloro-2-methoxy-N-phenethylbenzamide (73). Compound 27 (5.00 g, 26.80
mmol) and EtsN (7.47 mL, 53.59 mmol) were dissolved in DMF (25.00 mL) and cooled to
0 °C. EDC (7.70 g, 40.19 mmol) was added and after 30 min, HOBt (5.43 g, 40.19 mmol)
was added. After 1 h, compound 72 (3.36 mL, 26.80 mmol) was added to the mixture,
and the reaction was allowed to warm to room temperature overnight. The solution was

concentrated under reduced pressure, and H,O was added. The solution was extracted
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with EtOAc, and the combined organic phases were concentrated. The crude product
was purified by column chromatography (EtOAc/Hexane 20/80%) to give compound 73
(2.94 g, 37%) as a yellow, viscous oil. "H NMR (400 MHz, DMSO-ds) & 8.22 (d, J=3.04
Hz, 1H), 7.66 (br. s., 1H), 7.50 (dd, J = 8.80, 3.00 Hz, 1H), 7.32 (d, J = 7.22 Hz, 2H), 7.28
(d, J=8.03 Hz, 2H), 7.24 - 7.20 (m, 1H), 7.16 (d, J = 9.46 Hz, 1H), 3.81 (s, 3H), 3.54 (q,
J=7.06 Hz, 2H), 2.85 (t, J = 6.20 Hz, 2H); *C NMR (100 MHz, DMSO-ds) 5 163.4, 155.7,

139.4, 131.5, 129.6, 128.7, 128.3, 126.1, 124.7, 124.3, 114.1, 56.2, 40.7, 34.9..

4-(2-[(5-chloro-2-methoxyphenyl)formamido]ethyl)benzene-1-sulfonyl
chloride (74). Compound 73 (2.70 g, 9.32 mmol) was dissolved in DCM (10.00 mL). To
this solution, excess chlorosulfonic acid (2.50 mL) was added, and the solution stirred at
70 °C for 2 h. The reaction was cooled to room temperature and then poured over
crushed ice. The product was extracted into DCM, and concentrated under reduced
pressure. The product was purified by column chromatography (EtOAc/Hexanes: 20/80%
to 50/50%) yielding compound 74 (2.26 g, 62%) as a white solid. 'H NMR (400 MHz,
DMSO-ds) 6 8.20 (br. s., 1H), 7.66 (s, 1H), 7.56 (d, J = 8.28 Hz, 2H), 7.50 (dd, J = 8.78,
2.76 Hz, 1H), 7.22 (d, J = 8.53 Hz, 2H), 7.16 (d, J = 9.04 Hz, 1H), 3.80 (s, 3H), 3.51 (q, J
= 7.30 Hz, 2H), 2.84 (t, J = 6.80 Hz, 2H); "*C NMR (100 MHz, DMSO-ds) 5 163.5, 155.7,

146.1, 139.8, 131.5, 129.5, 128.0, 125.6, 124.7, 124.3, 114.2, 56.2, 40.6, 34.6.

5-chloro-2-methoxy-N-(2-[4-(methylsulfamoyl)phenyllethyl)benzamide (3).
Compound 74 (0.050 g, 0.13 mmol) was dissolved in DCM (2 mL). Methylamine HCI
(0.044 mg, 0.64 mmol) and EtsN (0.090 mL, 0.65 mmol) were then added to the reaction,
and the solution was stirred overnight at room temperature. The reaction was

concentrated, and then dissolved in DCM and H,O. The product was extracted into DCM,
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concentrated, and purified by column chromatography (DCM/MeOH: 100/0% to 95/5%)
to give compound 3 (0.042 g, 85%) as a white solid. '"H NMR (400 MHz, DMSO-ds) & 8.82
(t, J=5.68 Hz, 1H), 7.74 (d, J = 8.09 Hz, 2H), 7.63 (d, J = 2.93 Hz, 1H), 7.52 - 7.48 (m,
3H), 7.40 (q, J = 5.04 Hz, 1H), 7.17 (d, J = 8.97 Hz, 1H), 3.82 (s, 3H), 3.58 (q, J = 6.69
Hz, 2H), 3.19 (t, J = 7.12 Hz, 2H), 2.41 (d, J = 5.012 Hz, 3H); "*C NMR (100 MHz, DMSO-
ds) 0 163.6, 155.7, 144.3, 137.2, 131.4, 129.5, 129.4, 126.7, 124.9, 124.3, 114.2, 56.2,
40.1, 34.6, 28.6; HRMS (m/z) (M+Na): calcd. for C47H19CIN2O4S: 405.1121, found

405.0223.

5-chloro-2-methoxy-N-(4-(N-propylsulfamoyl)phenethyl)benzamide (49).
Compound 74 (0.15 g, 0.39 mmol) was dissolved in DCM (5 mL). Propylamine (0.16 mL,
0.19 mmol) and Et3N (0.27 mL, 0.19 mmol) were added to the reaction, and the solution
was stirred overnight at room temperature. The reaction was concentrated, and DCM and
H,O were added. The product was extracted into DCM, concentrated, and purified by
column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound 49 (0.97 g,
61%) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 8.24 (t, J = 3.50 Hz, 1H), 7.72 (d,
J=8.20 Hz, 2H), 7.61 (d, J = 2.08 Hz, 1H), 7.51 - 7.46 (m, 3H), 7.15 (d, J = 8.88 Hz, 1H),
3.81 (s, 3H), 3.55 (q, J = 6.60 Hz, 2H), 2.92 (t, J= 7.02 Hz, 2H), 2.67 (q, J = 6.68 Hz, 2H),
1.36 (sex, J = 7.16 Hz, 2H), 0.77 (t, J = 7.38 Hz, 3H); *C NMR (100 MHz, DMSO-ds) d
163.6, 155.7, 144.1, 138.6, 131.5, 129.6, 129.4, 126.5, 124.9, 124.3, 114.2, 56.2, 44.3,
40.1, 34.6, 22.3, 11.1; HRMS (m/z) (M+Na)": calcd. for C19H23CIN2O4S 433.0965, found

433.0967.

N-(4-(N-butylsulfamoyl)phenethyl)-5-chloro-2-methoxybenzamide (50).

Compound 74 (0.15 g, 0.643 mmol) was dissolved in DCM (12.50 mL). Butylamine (0.32
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mL, 0.32 mmol) and EtsN (0.45 mL, 0.31 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated, and
then dissolved in DCM and H,O. The product was extracted into DCM, concentrated, and
purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound
50 (0.097 g, 87%) as a white solid. '"H NMR (400 MHz, DMSO-ds) 5 8.25 (t, J = 5.58 Hz,
1H), 7.73 (d, J = 8.32 Hz, 2H), 7.62 (d, J = 2.80 Hz, 1H), 7.51 - 7.47 (m, 3H), 7.15(d, J =
8.92 Hz, 1H), 3.82 (s, 3H), 3.55 (q, J = 6.60 Hz, 2H), 2.93 (t, J = 7.00 Hz, 2H), 2.71 (q, J
=6.60 Hz, 2H), 1.37 - 1.17 (m, 4H), 0.78 (t, J = 7.28 Hz, 3H); "*C NMR (100 MHz, DMSO-
ds) & 163.6, 155.7, 144.1, 138.5, 131.4, 129.5, 129.4, 126.5, 124.9, 124.3, 114.2, 56.2,
42.2, 40.2, 34.6, 31.0, 194, 13.4; HRMS (m/z) (M+Na): calcd. for CyoH25CIN2O4S

447.1121, found 447.1057.

5-chloro-N-(2-[4-(dimethylsulfamoyl)phenyl]ethyl)-2-methoxybenzamide
(51). Compound 74 (0.40 g, 1.29 mmol) was dissolved in DCM (28.00 mL). Diethylamine
(0.11 g, 0.13 mmol) and Et3N (0.72 mL, 0.72 mmol) were then added to the reaction, and
the solution was stirred overnight at room temperature. The reaction was concentrated,
and then dissolved in DCM and H,O. The product was extracted into DCM, concentrated,
and purified by column chromatography (EtOAc/Hexanes: 20/80% to 75/25%) to give
compound 52 (0.25 g, 60%) as a white solid. 'H NMR (400 MHz, DMSO-d6) & 8.26 (br.
s., 1H), 7.68 (d, J = 7.78 Hz, 2H), 7.59 (br. s., 1H), 7.53 (d, J = 7.78 Hz, 2H), 7.49 (d, J =
9.03 Hz, 1H), 7.15 (d, J = 9.29 Hz, 1H), 3.82 (s, 3H), 3.56 (q, J = 6.50 Hz, 2H), 2.95 (t, J
= 6.65 Hz, 2H), 2.59 (s, 6H); *C NMR (100 MHz, DMS0-d6) & 163.6, 155.6, 145.1, 132.6,

131.4,129.6, 129.4, 127.6, 124.9, 124 .3, 114.1, 56.2, 40.1, 37.5, 34.7.
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5-chloro-N-(4-(N,N-diethylsulfamoyl)phenethyl)-2-methoxybenzamide (52).
Compound 74 (0.10 g, 0.26 mmol) was dissolved in DCM (7.00 mL). Diethylamine (0.13
mL, 0.13 mmol) and EtsN (0.18 mL, 0.18 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated, and
then dissolved in DCM and H,O. The product was extracted into DCM, concentrated, and
purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound
52 (0.97 g, 87%) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 8.26 (t, J = 5.77 Hz,
1H), 7.73 (d, J = 8.38 Hz, 1H), 7.60 (d, J = 2.70 Hz, 1H), 7.51 - 7.46 (m, 3H), 7.16 (d, J =
9.54 Hz, 1H), 3.81 (s, 3H), 3.57 (q, J = 6.93 Hz, 2H), 3.96 (q, J = 7.60 Hz, 4H), 2.95 (t, J
=7.60 Hz, 2H), 1.04 (t, J = 7.25 Hz, 6H); ">*C NMR (100 MHz, DMSO-ds) 5 163.6, 155.7,
144.5,137.7,137.4,129.6, 129.5, 129.7, 124.8, 124.3, 114.2, 56.2, 41.7, 40.1, 34.6, 14.0;

HRMS (m/z) (M+Na)": calcd. for CooH25CIN2O4S 447.1121, found 447.1122.

5-chloro-N-(4-(N,N-dipropylsulfamoyl)phenethyl)-2-methoxybenzamide (53).
Compound 74 (0.10 g, 0.26 mmol) was dissolved in DCM (5.00 mL). Dipropylamine (0.18
mL, 0.13 mmol) and EtsN (0.18 mL, 0.13 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated and
then dissolved in DCM and H,O. The product was extracted into DCM, concentrated,
and purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give
compound 53 (0.87 g, 75%) as a white solid. 'H NMR (400 MHz, DMSO-ds) 5 8.24 (t, J
=5.50 Hz, 1H), 7.72 ( d, J = 8.28 Hz, 2H), 7.61 (d, J = 2.80 Hz, 1H), 7.51 - 7.47 (m, 3H),
7.15 (d, J = 8.88 Hz, 1H), 3.83 (s, 3H), 3.56 (q, J = 6.58 Hz, 2H), 3.00 (t, J = 7.54 Hz,
4H), 2.94 (t, J = 6.96 Hz, 2H), 1.46 (sex, J = 7.47 Hz, 4H), 0.80 (t, J = 7.38 Hz, 6H); °C

NMR (100 MHz, DMSO-ds) & 163.6, 155.7, 144.5, 137.4, 131.4, 129.6, 129.5, 126.8,
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124.8, 124.3, 114.2, 56.3, 49.7, 40.1, 34.6, 21.6, 10.9; HRMS (m/z) (M+Na)": calcd. for

C22H29CIN204S 475.1434, found 475.1412.

5-chloro-N-(4-(N,N-dibutylsulfamoyl)phenethyl)-2-methoxybenzamide (54).
Compound 74 (0.15 g, 0.39 mmol) was dissolved in DCM (7.00 mL). Dibutylamine (0.44
mL, 0.26 mmol) and EtsN (0.36 mL, 0.26 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated and
then dissolved in DCM and H,O. The product was extracted into DCM, concentrated, and
purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound
54 (0.16 g, 87%) as a white solid '"H NMR (400 MHz, DMSO-ds) d 8.26 (t, J = 5.42 Hz,
1H), 7.71 (d, J = 8.32 Hz, 2H), 7.63 (d, J = 2.80 Hz, 1H), 7.51 - 7.47 (m, 3H), 7.15(d, J =
8.92 Hz, 1H), 3.82 (s, 3H), 3.54 (q, J = 6.53 Hz, 2H), 3.02 (t, J = 7.52 Hz, 4H), 2.93 (t, J
=7.00 Hz, 2H), 1.41 (qun, J = 7.52 Hz, 4H), 1.22 (sex, J = 7.40 Hz, 4H), 0.84 (t, J=7.34
Hz, 6H); ®C NMR (100 MHz, DMSO-dg) 5 163.6, 155.7, 144.1, 138.5, 131.4, 129.5,
129.4, 126.5, 124.9, 124.3, 114.2, 56.2, 42.2, 40.2, 34.6, 31.0, 19.2, 13.5; HRMS (m/z)

(M+Na)": calcd. for C4H33CIN2NaO4S 503.1747, found 503.1752.

N-(4-(azetidin-1-ylsulfonyl)phenethyl)-5-chloro-2-methoxybenzamide (55).
Compound 74 (0.15 g, 0.38 mmol) was dissolved in DCM (7.50 mL). Azetidine
hydrochloride (0.18 g, 0.19 mmol) and Et;N (0.27 mL, 0.19 mmol) were then added to the
reaction, and the solution was stirred overnight at room temperature. The reaction was
concentrated and then dissolved in DCM and H,O. The product was extracted into DCM,
concentrated, and purified by column chromatography (DCM/MeOH: 100/0% to 95/5%)
to give compound 55 (0.10 g, 64%) as a white solid. '"H NMR (400 MHz, DMSO-ds) 5 8.29

(t, J = 5.52 Hz, 1H), 7.74 (d, J = 8.24 Hz, 2H), 7.60 - 7.56 (m, 3H), 7.50 (dd, J = 8.92, 2.80
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Hz, 1H), 7.15 (d, J = 8.88 Hz, 1H), 3.83 (s, 3H), 3.64 (t, J= 7.66 Hz, 4H), 3.58 (q, J = 6.63
Hz, 2H), 2.98 (t, J = 7.00 Hz, 2H) 1.99 - 1.92 (m, 2H); "*C NMR (100 MHz, DMSO-ds) &
163.6, 155.7, 145.5, 131.6, 131.4, 129.8, 129.4, 128.2, 124.9, 124.3, 114.2, 56.2, 50.7,
40.1, 34.8, 14.7; HRMS (m/z) (M+Na): calcd. for C19H21CIN2O4S 431.0808, found

431.0748.

_5-chloro-2-methoxy-N-(4-(pyrrolidin-1-ylsulfonyl)phenethyl)benzamide (56).
Compound 74 (0.10 g, 0.26 mmol) was dissolved in DCM (5.00 mL). Pyrrolidine (0.11 mL,
0.13 mmol) and EtsN (0.18 mL, 0.13 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated and
then dissolved in DCM and H,O. The product was extracted into DCM, concentrated, and
purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound
56 (0.85 g, 78%) as a white solid. "H NMR (400 MHz, DMSO-ds) d 8.25 (t, J = 5.68 Hz,
1H), 7.73 (d, J = 8.28 Hz, 2H), 7.59 (q, J = 2.80 Hz, 1H), 7.52 - 7.48 (m, 3H), 7.15(d, J =
8.88 Hz, 1H), 3.82 (s, 3H), 3.56 (q, J = 6.60 Hz, 2H), 3.12 (t, J = 6.74 Hz, 4H), 2.94 (t, J
=6.98 Hz, 2H), 1.62 - 1.54 (m, 4H); "*C NMR (100 MHz, DMSO-ds) 5 163.6, 155.7, 144.9,
134.2, 131.4, 129.6, 129.4, 127.3, 124.9, 124.3, 114.2, 56.2, 47.7, 40.1, 34.7, 24.6;

HRMS (m/z) (M+Na)": calcd. for CoH23CIN,O4S 445.0965, found 445.0997.

5-chloro-2-methoxy-N-(4-(piperidin-1-ylsulfonyl)phenethyl)benzamide (57).
Compound 74 (0.15 g, 0.39 mmol) was dissolved in DCM (7.50 mL). Piperidine (0.19 mL,
0.20 mmol) and EtsN (0.27 mL, 0.19 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated and
then dissolved in DCM and H,O. The product was extracted into DCM, concentrated, and

purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound
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58 (0.14 g, 83%) as a white solid. "H NMR (400 MHz, CDCl3) 5 8.16 (d, J = 2.76 Hz, 1H),
7.78 (br. s., 1H), 7.71 (d, J = 8.28 Hz, 2H), 7.40 (d, J = 8.30 Hz, 1H), 7.38 (dd, J = 2.80,
8.80 Hz, 2H), 6.88 (d, J = 8.78 Hz, 1H), 3.79 (s, 3H), 3.76 (q, J = 6.78 Hz, 2H), 2.99 (t, J
=5.50 Hz, 2H), 3.01 (t, J = 6.80 Hz, 4H), 1.64 (quin, J = 5.71 Hz, 4H), 1.42 (quin, J = 5.96
Hz, 2H); *C NMR (100 MHz, DMSO-d6) & 163.6, 155.6, 145.0, 133.3, 131.4, 129.6,

129.4,127.4,124.9, 124.3, 114.1, 56.2, 46.5, 40.1, 34.7, 24.6, 22.8.

5-chloro-2-methoxy-N-(4-(morpholinosulfonyl)phenethyl)benzamide  (58).
Compound 74 (0.15 g, 0.39 mmol) was dissolved in DCM (7.50 mL). Morpholine (0.17
mL, 0.19 mmol) and EtsN (0.27 mL, 0.19 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated and
then dissolved in DCM and H,O. The product was extracted into DCM, concentrated, and
purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound
58 (0.16 g, 91%) as a white solid. "H NMR (400 MHz, DMSO-ds) d 8.27 (t, J = 5.56 Hz,
1H), 7.68 (d, J = 8.24 Hz, 2H), 7.60 (d, J = 2.80 Hz, 1H), 7.55 (d, J = 8.24 Hz, 2H), 7.49
(dd, J=9.01, 2.83 Hz, 1H), 7.15 (d, J = 8.92 Hz, 1H), 3.82 (s, 3H), 3.62 (t, J = 4.66 Hz,
4H), 3.57 (q, J = 6.56 Hz, 2H), 2.96 (t, J = 6.98 Hz, 2H), 2.84 (t, J = 4.62 Hz, 4H); "*C
NMR (100 MHz, DMSO-ds) & 163.6, 155.7, 145.5, 132.3, 131.4, 129.7, 129.4, 127.7,
124.9, 124.3, 114.1, 65.2, 56.2, 45.9, 40.1, 34.7; HRMS (m/z) (M+Na): calcd. for

C20H23CIN205S 461.0914, found 461.0829.

5-chloro-2-methoxy-N-(4-(piperazin-1-ylsulfonyl)phenethyl)benzamide (59).
Compound 74 (0.15 g, 0.39 mmol) was dissolved in DCM (7.50 mL). Piperazine (0.16 g,
0.19 mmol) and EtsN (0.27 mL, 0.19 mmol) were then added to the reaction, and the

solution was stirred overnight at room temperature. The reaction was concentrated and
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then dissolved in DCM and H,O. The product was extracted into DCM, concentrated, and
purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound
59 (0.10 g, 60%) as a white solid. "H NMR (400 MHz, DMSO-ds) d 8.29 (t, J = 5.52 Hz,
1H), 7.66 (d, J = 8.24 Hz, 2H), 7.62 (d, J = 2.76 Hz, 1H), 7.54 - 7.49 (m, 3H), 7.16 (d, J =
8.92 Hz, 1H), 3.83 (s, 3H), 3.55 (q, J = 7.06 Hz, 2H), 2.95 (t, J = 7.06 Hz, 2H), 2.77 - 2.70
(m, 8H); *C NMR (100 MHz, DMSO-ds) 5 163.6, 156.7, 145.2, 132.8, 131.4, 129.6, 129.6,
129.5, 127.6, 124.9, 124.3, 114.2, 56.3, 46.6, 44.6, 34.7; HRMS (m/z) (M+Na)": calcd. for

CQQH24C|N304S 4601074, found 460.0995.

5-chloro-2-methoxy-N-(4-(N-phenylsulfamoyl)phenethyl)benzamide (60).
Compound 74 (0.10 g, 0.26 mmol) was dissolved in DCM (5.00 mL). Aniline (0.12 mL,
0.13 mmol) and EtsN (0.18 mL, 0.128 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated and
then dissolved in DCM and H,O. The product was extracted into DCM, concentrated, and
purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound
60 (0.85 g, 74%) as a white solid. "H NMR (400 MHz, DMSO-ds) d 8.25 (t, J = 5.56 Hz,
1H), 7.70 (d, J = 8.36 Hz, 2H), 7.61 (d, J = 2.80 Hz, 1H), 7.49 (dd, J = 8.88, 2.89 Hz, 1H),
7.42 (d, J =8.36 Hz, 2H), 7.19 (d, J = 2.78 Hz, 2H), 7.13 (d, J = 8.92 Hz, 1H), 7.09 (d, J
=4.34 Hz, 2H), 7.00 (t, J = 7.64 Hz, 1H), 3.73 (s, 3H), 3.50 (q, J = 6.56 Hz, 2H), 2.87 {(t,
J =7.02 Hz, 3H); *C NMR (100 MHz, DMSO-dg) 5 163.6, 155.6, 144.8, 137.7, 137.5,
131.4, 129.5, 129.4, 129.1, 126.7, 124.8, 124.3, 123.9, 119.9, 114.1, 56.1, 34.5, 30.6;

HRMS (m/z) (M+Na)": calcd. for C2H21CIN,O4S 467.0808, found 467.0838.

N-(4-(N-benzylsulfamoyl)phenethyl)-5-chloro-2-methoxybenzamide (61).

Compound 74 (0.50 g, 1.28 mmol) was dissolved in DCM (7.00 mL). Benzylamine (0.70
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mL, 6.43 mmol) and EtsN (0.90 mL, 6.43 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated and
then dissolved in DCM and H,O. The product was extracted into DCM, concentrated, and
purified by column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound
61 (0.40 g, 67%) as a white solid. 'H NMR (400 MHz, DMSO-ds)  8.27 (t, J = 5.56 Hz,
1H), 8.09 (t, J = 5.90 Hz, 1H), 7.76 (d, J = 8.32 Hz, 2H), 7.65 (d, J = 2.08 Hz, 1H) 7.50
(dd, J =9.05, 3.15 Hz, 1H), 7.47 (d, J = 8.32 Hz, 2H), 7.29 - 7.19 (m, 3H), 7.16 (d, J =
8.92 Hz, 1H), 3.97 (d, J = 5.60 Hz, 2H), 3.83 (s, 3H), 3.56 (q, J = 6.62 Hz, 2H), 2.93 (t, J
=7.06 Hz, 2H); >*C NMR (100 MHz, DMSO-ds) 5 163.6, 155.7, 144.2, 138.7, 137.6, 131.5,
129.5, 129.4, 128.2, 127.5, 1271, 126.6, 124.9, 124.4, 114.2, 56.3, 46.1, 40.2, 34.6;

HRMS (m/z) (M+Na)": calcd. for C23H23CIN,O4S 481.0965, found 481.0973.

5-chloro-2-methoxy-N-(4-(N-phenethylsulfamoyl)phenethyl)benzamide (62).
Compound 74 (0.13 g, 0.32 mmol) was dissolved in DCM (5.00 mL). Phenethylamine
(0.20 mL, 0.16 mmol) and Et3N (0.22 mL, 0.16 mmol) were then added to the reaction,
and the solution was stirred overnight at room temperature. The reaction was
concentrated and then dissolved in DCM and H,O. The product was extracted into DCM,
concentrated, and purified by column chromatography (DCM/MeOH: 100/0% to 95/5%)
to give compound 62 (0.99 mg, 69%) as a white solid; 'H NMR (400 MHz, DMSO-ds) &
8.25 (t, J = 5.58 Hz, 1H), 7.74 (d, J = 8.26 Hz, 2H), 7.66 (t, J = 5.78 Hz, 1H), 7.63 (d, J =
2.76, Hz, 1H), 7.51 - 7.46 (m, 3H), 7.25 (d, J = 7.52 Hz, 2H), 7.20 (d, J = 7.24 Hz, 1H),
7.14 (d, J = 8.44 Hz, 2H), 3.80 (s, 3H), 3.55 (q, J = 6.58 Hz 2H), 2.98 - 2.91 (m, 4H), 2.68

(t, J = 7.50 Hz, 2H); 13C NMR (100 MHz, DMSO-ds) & 163.6, 155.7, 144.3, 138.7, 138.3,
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131.4,129.5, 128.6, 128.3, 126.6, 126.2, 124.9, 124 .3, 114.1, 56.2,40.2, 44.0, 35.3, 34.6,

18.6; HRMS (m/z) (M+Na)": calcd. for C24H25CIN2O4S 495.1121, found 495.1082.

N-(4-(N-benzhydrylsulfamoyl)phenethyl)-5-chloro-2-methoxybenzamide
(63). Compound 74 (0.15 g, 0.39 mmol) was dissolved in DCM (7.50 mL).
Aminodiphenylmethane (0.38 mL, 0.19 mmol) and Et3N (0.27 mL, 0.19 mmol) were then
added to the reaction, and the solution was stirred overnight at room temperature. The
reaction was concentrated and then dissolved in DCM and H;O. The product was
extracted into DCM, concentrated, and purified by column chromatography (DCM/MeOH:
100/0 to 95/5) to give compound 63 (0.12 g, 61%) as a white solid '"H NMR (400 MHz,
DMSO-ds) 68.73 (d, J=9.43 Hz, 1H), 8.24 (t, J = 5.86 Hz, 1H), 7.67 (s, 1H), 7.56 - 7.51
(m, 3H), 7.23 (d, J=7.48 Hz, 2H), 7.18 - 7.14 (m, 11H), 5.54 (d, J=9.20 Hz, 1H), 3.83
(s, 3H), 3.46 (q, J = 6.65 Hz, 2H), 2.82 (t, J = 7.26 Hz, 2H); *C NMR (100 MHz, DMSO-
ds) 0 143.8, 141.5, 139.2, 131.5, 129.5, 128.9, 128.1, 127.0, 126.8, 126.5, 124.7, 124.3,
114.2, 60.6, 59.7, 56.3, 40.4, 34.6, 20.72, 14.0. HRMS (m/z) (M+Na): calcd. For

ngH27C|N204S 557.1278, found 557.1208.

5-chloro-2-methoxy-N-(4-(N-(4-
methoxybenzyl)sulfamoyl)phenethyl)benzamide (64). Compound 74 (0.10 g, 0.28
mmol) was dissolved in DCM (5.00 mL). 4-Methoxybenzylamine (0.17 mL, 0.13 mmol)
and Et;N (0.18 mL, 0.13 mmol) were then added to the reaction, and the solution was
stirred overnight at room temperature. The reaction was concentrated and then dissolved
in DCM and H;0. The product was extracted into DCM, concentrated, and purified by
column chromatography (DCM/MeOH: 100/0% to 95/5%) to give compound 64 (0.10 mg,

80%) as a white solid "H NMR (400 MHz, DMSO-ds) & 8.28 (t, J = 5.46 Hz, 1H), 8.00 (t,
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J=6.22 Hz, 1H), 7.75(d, J = 8.12 Hz, 2H), 7.64 (d, J = 2.68 Hz, 1H), 7.51 (dd, J = 2.93,
8.99 Hz, 1H), 7.46 (d, J = 8.20 Hz, 2H), 7.17 (d, J = 8.92 Hz, 1H), 7.13 (d, J = 8.56 Hz,
2H), 6.83 (d, J = 8.60 Hz, 2H), 3.90 (d, J = 6.20 Hz, 2H), 3.83 (s, 3H), 3.72 (s, 3H), 3.56
(q, J = 6.55 Hz, 2H), 2.94 (t, J = 7.04 Hz, 2H); *C NMR (100 MHz, DMSO-ds) d 163.6,
158.4,155.7, 144.2,138.7, 131.5, 129.5, 129.4, 128.9, 126.6, 126.7, 124.9, 124.3, 114.2,
113.6, 56.3, 55.03, 45.7, 40.2, 34.7. HRMS (m/z) (M+Na)": calcd. for C4H25CIN2O5S

511.1070, found 511.0980.

Methyl4-(((4-(2-(5-chloro-2-
methoxybenzamido)ethyl)phenyl)sulfonamido)methyl)benzoate (65). Compound 74
(0.15 g, 0.38 mmol) was dissolved in DCM (7.50 mL). Methyl 4-(aminomethyl)benzoate
hydrochloride (0.19 g, 0.97 mmol) and Et3N (0.26 mL, 1.9 mmol) were then added to the
reaction, and the solution was stirred overnight at room temperature. The reaction was
concentrated and then dissolved in DCM and H,O. The product was extracted into DCM,
concentrated, and purified by column chromatography (DCM/MeOH: 100/0% to 95/5%)
to give compound 65 (0.14 g, 68%) as a white solid 'H NMR (400 MHz, DMSO-ds) 5 8.33
(t, J=5.62 Hz, 1H), 8.28 (t, J = 6.20 Hz, 1H), 7.71 (d, J = 8.30 Hz, 2H), 7.79 (d, J = 8.28
Hz, 2H), 7.70 (d, J = 2.80 Hz, 1H), 7.56 (dd, J = 8.45, 2.82 Hz, 1H), 7.50 (d, J = 8.36 Hz,
2H), 7.43 (d, J = 8.36 Hz, 2H), 7.21 (d, J = 8.92 Hz, 1H), 4.12 (d, J = 6.66 Hz, 2H), 3.89
(s, 3H), 3.88 (s, 3H), 3.58 (q, J = 6.61 Hz, 2H), 2.97 (t, J = 7.10 Hz, 2H); ">*C NMR (100
MHz, DMSO-ds) 6 166.0, 163.6, 155.7, 144.4, 145.3, 138.5, 131.5, 129.5, 129.4, 129.1,
128.4, 127.7, 126.6, 124.8, 124.3, 114.2, 56.3, 52.0, 45.7 40.2, 34.7; HRMS (m/z)

(M+Na)": calcd. for C25H25CIN2O6S 539.1122, found 539.0800.
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5-chloro-N-(4-(N-(4-(dimethylamino)benzyl)sulfamoyl)phenethyl)-2-
methoxybenzamide (66). Compound 74 (0.10 g, 0.26 mmol) was dissolved in DCM
(5.00 mL). 4-(dimethylamine)benzylamine (0.096 g, 0.64 mmol) and Et;N (0.18 mL, 0.13
mmol) were then added to the reaction, and the solution was stirred overnight at room
temperature. The reaction was concentrated. The crude reaction mixture was dissolved
in DCM, and to this, H,O was added. The product was extracted into DCM, concentrated,
and purified by column chromatography (DCM/EtOAc: 80/20%) to give compound 66
(0.90 g, 70%) as a white solid "H NMR (400 MHz, DMSO-ds) 5 8.26 (t, J = 5.12 Hz, 1H),
7.87 (t, J=5.94 Hz, 1H), 7.74 (d, J = 7.80 Hz, 2H), 7.64 (s, 1H), 7.45 - 7.51 (m, 3H), 7.15
(d, J=8.88 Hz, 1H), 7.00 (d, J = 8.20 Hz, 2H), 6.61 (d, J = 8.20 Hz, 2H), 3.82 — 3.82 (m,
3H), 3.55 (q, J = 6.42 Hz, 2H), 2.93 (t, J = 6.94 Hz, 2H), 2.84 (s, 6H); *C NMR (100 MHz,
DMSO-ds) 6 163.6, 155.7, 149.7, 144.1, 138.7, 131.5, 129.5, 129.4, 128.5, 126.6, 124.8,
124.7, 124.3, 114.2, 112.1, 56.2, 45.9, 40.2 40.1, 34.6; HRMS (m/z) (M+Na)": calcd. for

CQ5HQBCIN304S 524.1387, found 524.1284.

5-chloro-2-methoxy-N-(4-(N-(4-
methylbenzyl)sulfamoyl)phenethyl)benzamide (67). Compound 74 (0.15 g, 0.38
mmol) was dissolved in DCM (7.50 mL). 4-Methylbenzylamine (0.12 g, 0.97 mmol) and
EtsN (0.26 mL, 0.19 mmol) were then added to the reaction, and the solution was stirred
overnight at room temperature. The reaction was concentrated. The crude reaction
mixture was dissolved in DCM and to this H,O was added. The product was extracted
into DCM, concentrated, and purified by column chromatography (DCM/MeOH: 95/5%)
to give compound 67 (0.89 g, 49%) as a white solid '"H NMR (400 MHz, DMSO-d6) & 8.27

(t, J = 5.58 Hz, 1H), 8.02 (t, J = 6.26 Hz, 1H), 7.74 (d, J = 8.28 Hz, 2H), 7.64 (d, J = 2.80
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Hz, 1H), 7.50 (dd, J = 8.82, 2.88 Hz, 1H), 7.46 (d, J = 8.28 Hz, 2H), 7.16 (d, J = 8.96 Hz,
1H), 7.05 - 7.10 (m, 4H), 3.91 (d, J = 6.20 Hz, 2H), 3.82 (s, 3H), 3.55 (q, J = 6.60 Hz, 2H),
2.93 (t, J = 7.04 Hz, 2H) 2.25 (s, 3H); *C NMR (100 MHz, DMSO-d6) & 163.6, 155.7,
144.2,138.7, 136.2, 134.5, 131.5, 129.5, 129.4, 128.7, 127.5, 126.6, 124.8, 124.3, 56.2,
45.9 40.2, 34.6, 20.6; HRMS (m/z) (M+Na)": calcd. for C,4H25CIN2O4S 495.1121, found

495.1024.

5-chloro-N-(4-(N-(4-hydroxybenzyl)sulfamoyl)phenethyl)-2-
methoxybenzamide (68). Compound 74 (0.15 g, 0.38 mmol) was dissolved in DCM (7.50
mL). 4-(Aminomethyl)phenol (0.12 g, 0.97 mmol) and Et;N (0.26 mL, 0.19 mmol) were
then added to the reaction, and the solution was stirred overnight at room temperature.
The reaction was concentrated. The crude reaction mixture was dissolved in DCM, and
to this, H,O was added. The product was extracted into DCM, concentrated, and purified
by column chromatography (DCM/MeOH: 99/1%) to give compound 68 (0.10 g, 51%) as
a white solid '"H NMR (400 MHz, DMSO-ds) & 9.30 (br. s., 1H), 8.28 (t, J = 5.46 Hz, 1H),
7.92 (t, J=6.20 Hz, 1H), 7.74 (d, J = 8.20 Hz, 2H), 7.64 (d, J = 2.80 Hz, 1H), 7.50 (dd, J
=8.96, 2.89 Hz, 1H), 7.46 (d, J = 8.24 Hz, 2H), 7.16 (d, J = 8.92 Hz, 1H), 7.00 (d, J = 8.04
Hz, 2H), 6.65 (d, J = 8.44 Hz, 2H), 3.82 - 3.83 (m, 5H), 3.55 (q, J = 6.60 Hz, 2H), 2.93 (t,
J = 7.02 Hz, 2H); *C NMR (100 MHz, DMSO-ds) d 163.6, 156.5, 155.7, 144.2, 138.7,
131.5, 129.5, 129.4, 128.4, 127.6, 124.9, 124.3, 114.9 114.2, 56.4, 56.3, 45.8 40.3, 34.7;

HRMS (m/z) (M+Na)": calcd. for C23H23CIN,O5S 497.0914, found 497.0996.

5-chloro-N-(4-(N-(4-chlorobenzyl)sulfamoyl)phenethyl)-2-
methoxybenzamide (69). Compound 74 (0.15 g, 0.38 mmol) was dissolved in DCM (7.50

mL). 4-Chlorobenzylamine (0.12 g, 0.97 mmol) and EtzN (0.26 mL, 0.19 mmol) were then
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added to the reaction, and the solution was stirred overnight at room temperature. The
reaction was concentrated. The crude reaction mixture was dissolved in DCM, and to this,
H,O was added. The product was extracted into DCM, concentrated, and purified by
column chromatography (DCM/MeOH: 98/2%) to give compound 69 (0.86 g, 45%) as a
white solid "H NMR (400 MHz, DMSO-ds) & 8.28 (t, J = 5.58 Hz, 1H), 8.14 (t, J = 6.26 Hz,
1H), 7.74 (d, J = 8.32 Hz, 2H), 7.64 (d, J = 2.80 Hz, 1H), 7.50 (dd, J = 8.79, 2.77 Hz, 1H),
7.46 (d, J = 8.28 Hz, 2H), 7.32 (d, J = 8.56 Hz, 2H), 7.24 (d, J = 8.56 Hz, 2H), 7.16 (d, J
= 8.92 Hz, 1H), 3.97 (d, J = 6.12 Hz, 2H), 3.82 (s, 3H), 3.55 (q, J = 6.63 Hz, 2H), 2.93 {(t,
J = 7.08 Hz, 2H); *C NMR (100 MHz, DMSO-ds) d 163.6, 155.7, 144.3, 138.6, 136.8,
131.7, 131.5, 129.6, 129.5, 129.4, 128.1, 126.5, 124.9, 124.3, 114.2, 56.2, 45.3 40.2,

34.7. HRMS (m/z) (M+Na)": calcd. for C,3H22CI2N204S 515.0575, found 515.0451.

5-chloro-2-methoxy-N-(4-(N-(4-
(trifluoromethyl)benzyl)sulfamoyl)phenethyl)benzamide (70). Compound 74 (0.15 g,
0.38 mmol) was dissolved in DCM (7.50 mL). 4-(trifluoromethyl)benzylamine (0.11 mL,
0.97 mmol) and EtsN (0.26 mL, 0.19 mmol) were then added to the reaction, and the
solution was stirred overnight at room temperature. The reaction was concentrated. The
crude reaction mixture was dissolved in DCM, and to this, H,O was added. The product
was extracted into DCM, concentrated, and purified by column chromatography
(DCM/EtOAc: 80/20%) to give compound 70 (0.10 g, 55%) as a white solid '"H NMR (400
MHz, DMSO-ds) & 8.23 — 8.28 (m, 2H), 7.73 (d, J = 7.84 Hz, 2H), 7.62 — 7.64 (m, 3H),
7.50 (d, J = 8.84 Hz, 1H), 7.45 (d, J = 7.80 Hz, 4H), 7.16 (d, J = 8.80 Hz, 1H), 4.08 (d, J
=5.92 Hz, 2H), 3.82 (s, 3H), 3.54 (q, J = 7.03 Hz, 2H), 2.92 (t, J = 7.03 Hz, 2H); *C NMR

(100 MHz, DMSO-ds) d 163.6, 155.7, 144.4, 142.7, 138.5, 131.4, 129.4, 128.2, 126.5,
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125.2, 125.1, 125.0, 124.9, 124.8, 124.3, 1141, 56.2, 45.5, 34.6. HRMS (m/z) (M+Na):

calcd. for C24H22C|F3N204S 5490839, found 549.0721.

3.3 Biological Methods
3.3.1 J774.A1 Cell Culture

J774.A1 murine macrophage cells (ATCC, Manassas, VA) were cultured in DMEM
supplemented with 10% FBS and 1% P/S, and filtered through a 0.2 micron membrane.
Cells were incubated under a fully humidified atmosphere containing 5% CO, and
maintained at 37 °C. Cells were passed every 2 to 3 days. Cell confluency was not

allowed to surpass 70-80%
3.3.2 NLRP3 Inflammasome Activation and IL-18 ELISA

J774 A1 cells seeded into 96-well plates, at a concentration of 5x10* cells per well.
These 96-well plates were then allowed to incubate for 24 h. After incubation, the cells
were primed with Escherichia coli 0111:B4 lipopolysaccharide (LPS) (25 ng/mL; Sigma-
Aldrich) (1 ug/mL), with the exception of the negative control, and allowed to incubate for
an additional 4 h. After priming, compounds dissolved in DMSO, were added at the
desired concentrations and permitted to incubate for an additional 30 min. Next, in order
to trigger the assembly of the NLRP3 inflammasome, ATP (5 mM) was added to the cells
and incubated another 30 min. The supernatants were collected and spun down for 5
minutes at 900 RPMI. The levels of IL-13 were determined utilizing a mouse IL-1(3 ELISA
kit (Thermo Fisher Scientific, Princeton, NJ) following the manufacturer’'s instructions.

Values are expressed as a percentage relative to the positive (+LPS/ATP) control.

3.3.3 NLRC4 and AIM2 Inflammasome Activation
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J774A.1 cells were plated into a 96-well plate (1 x 10° cells/well) for 24 h in growth
medium. Cells were treated with LPS (1 yg/mL) and test compounds for 1 h. Flagellin or
poly-deoxyadenylic-deoxythymidylic acid sodium salt (Poly(dA:dT)) was used to induce
the formation of the NLRC4 and the AIMZ2 inflammasomes. Flagellin (Enzo Life Sciences,
Farmingdale, NY), isolated from Salmonella typhimurium strain 14028, was added in
DMEM (Invitrogen) without fetal bovine serum (FBS) to the plate (1 ug/mL) and allowed
to incubate for 6 h. Flagellin cell-transfection was accomplished utilizing the Polyplus
transfection kit (PULSIin, New York, NY). For AIM2 activation, cells were incubated with
Poly(dA:dT) (4 pg/ml) (InvivoGen, San Diego, CA) for 8 h. The supernatants were
collected and levels of IL-13 were measured with a mouse IL-13 ELISA kit following the

manufacturer’s instructions.
3.3.4 Animals

All animal experiments were conducted under the guidelines of the “Guide for the care
and use of laboratory animals” published by the National Institute of Health (revised
2011). ICR mice (8-12 weeks old) were purchased from Harlan Laboratories (Charles
River, MA). C57BL/6 mice were purchased from the National Cancer Institute (Bethesda,
MD). APP/PS1 female transgenic mice (B6C3-Tg (APPswe, PSEN1dE9)85Dbo/Mmjax)

and matching wild type female mice were purchased from the Jackson Laboratory.
3.3.5 LPS challenge in vivo and compound treatment

C57BL/6 mice were injected intraperitoneally (i.p.) with 20 mg/kg LPS (Sigma-Aldrich) or
PBS one hour after compound or vehicle treatment. 2.5 h after LPS injection, serum

levels of IL-18 and TNF-a were measured by ELISA.
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